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PREFACE

The channels of the Platte River and its major tributaries, the South Platte
and North Platte Rivers in Colorado, Wyoming, and Nebraska, have undergone
major changes in hydrologic regime and morphology since about 1860, when the
water resources of the basin began to be developed for agricultural, municipal,
and industrial uses. These water uses have continued to increase with growth in
population and land development. Diversion of flow from channels, storage of
water in reservoirs, and increased use of ground water have affected the distri-
bution and timing of streamflows and the transport of fluvial sediments. All
these factors have contributed to changes in channel geometry and the riverine
environment.

In 1979, the U.S. Geological Survey began investigations in the Platte River
basin to determine the effects of water use on the hydrology and morphology of
the Platte River and its major tributaries. These investigations also considered
the relationship of hydrologic regime to factors that control or affect the habitat
of migratory waterfowl in the Platte River valley.

This volume brings together the results of several research studies on his-
torical changes in channel morphology, surface-water hydrology, hydraulic
geometry, sediment-transport and bedform processes, ground-water and
surface-water relations, stochastic models of streamflow and precipitation, and
methods for estimating discharge required to maintain channel width. In each of
the studies, data on some segment of the Platte River hydrologic system were
collected and interpreted. All the studies are interrelated; together they provide
some degree of understanding of regime changes that are occurring. The hydro-
logic research described in the following chapters will be useful in decision-
making pertaining to the management of water resources and migratory water-
fowl habitats.
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HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

HYDROLOGIC AND MORPHOLOGIC CHANGES IN CHANNELS OF THE
PLATTE RIVER BASIN IN COLORADO, WYOMING, AND NEBRASKA:
A HISTORICAL PERSPECTIVE

By THOMAS R. ESCHNER, RICHARD F. HADLEY, and KEVIN D. CROWLEY

ABSTRACT

The channels of the Platte River and its major tributaries, the
South Platte and North Platte Rivers in Colorado, Wyoming, and
Nebraska, have undergone major changes in hydrologic regime and
morphology since 1860. These changes are attributed here to
agricultural, municipal, and industrial water use.

Although water-resource development varied temporally
throughout the basin, the history of development along the Platte
River and tributaries followed four stages: (1) Construction of small,
crude ditches to irrigate flood plains; (2) constuction of larger canals
to irrigate bench lands; (3) construction of reservoirs to store
snowmelt runoff; and (4) accelerated development of ground-water
resources. Despite differences in rates of development, diversion and
storage of water for irrigation, municipal, and industrial use have
changed streamflow patterns throughout the basin. At some sta-
tions, significant changes in flood peaks, annual mean discharges, and
shapes of flow-duration curves have been recorded.

Changes in streamflow patterns are manifested by changes in ap-
pearance of channels of the Platte River. Prior to water development
in the 19th century, the Platte was a wide (~2- kilometer), shallow
(1.8- to 2.4-meter) river characterized by bankfull spring flows and
low summer flows. Although timber generally was scarce in the
valley, the Platte channels contained hundreds of small. timbered
islands. Since development, the channels have changed radically. A
compatison of surveyor’s maps (General Land Office), drawn during
the 1860’s, with six sets of aerial photographs, taken between 1938
and 1979, for six 5-kilometer reaches of the rivers shows that the
channels have narrowed considerably above the confluence with the
Loup River. Above the confluence with the Loup River, the width of
the channels in 1979 ranged from 8 to 50 percent of the channel width
in 1860, whereas below the confluence with the Loup River, the width
of the river in 1979 was about 92 percent of the channel width in 1860.
Above the confluence with the Loup River, width reduction has oc-
curred by progressive encroachment of vegetation and consequent
vertical and horizonatal accretion on sandbars in the channel. Vegeta-
tive encroachment on sandbars has occurred becaused (1) the present
hydrologic regime provides more favorable conditions for germina-
tion and growth on sandbars, and (2) since development of the basin,
flood peaks are no longer capable of scouring vegetation from the
sandbars. Overbank flows evidently have become more common,
probably because channel narrowing and vegetative encroachment
have increased the hydraulic roughness of the channels. Moreover,
the magnitude of low flows has increased and the days of no flows
have decreased giving the channels a more perennial character.

INTRODUCTION

The Platte River and its tributaries in Colorado,
Wyoming, and Nebraska (fig. 1) are typical of many
Great Plains streams that originate in the Rocky Moun-
tains. Much of the flow in the North Platte, South
Platte, and Platte Rivers is derived from spring
snowmelt in the mountains. Because the plains are
semiarid to subhumid, most of the flow has been ap-
propriated for irrigation of agricultural crops, municipal
use, and industrial development. These rivers have been
an integral part of the economy in the Platte River basin
since the middle of the 19th century.

Migratory waterfowl also use the river and adjacent
farmlands in the Platte River valley of central Nebraska
during their annual migration stopover in February and
March. An estimated 70 to 80 percent of the world’s
lesser sandhill cranes and a small number of rare whoop-
ing cranes use the river valley between Overton and
Grand Island, Nebraska, on their way to Canada and
Siberia each year (Frith, 1974).

Concern for the habitat of sandhill cranes, whooping
cranes, and other migratory-bird species prompted
wildlife managers to document the changes that have
occurred ijn the river channels since settlement of the
valley and the effects of these changes on wildlife
habitat. In 1979, a study was begun in the Platte River
basin that included hydrologic investigations by the
U.S. Geological Survey. An integral part of these inves-
tigations is this review of the history of water devel-
opment in the basin and the effects of water use and
land use on the hydrology and morphology of the Platte
River and its major tributaries. Site-specific investi-
gations were centered on the critical migratory-bird
habitat in a 96-km (kilometer) reach of the Platte River
between Overton and Grand Island, in south-central
Nebraska. This paper presents an overview of the chan-
nel changes along the Platte River.

Al
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DESCRIPTION OF THE AREA

The Platte River and its major tributaries, the North
Platte and South Platte Rivers, have a drainage area of
about 222,740 km? (square kilometers) in Colorado,
Wyoming, and Nebraska. The North Platte River orig-
inates in the mountains of northern Colorado, flows
northward into central Wyoming, then southeastward
to Nebraska. In west-central Nebraska, the river joins
the South Platte River to form the Platte River (fig. 1).
The South Platte River originates in the mountains of
central Colorado and flows northeastward across the
eastern Colorado plains into Nebraska to meet the
North Platte River (fig. 1).

Most of the flow in the Platte River system above the
Loup River is derived from spring snowmelt in the
Rocky Mountains. Precipitation on the Great Plains,
which ranges from 330 to 635 mm (millimeters), con-
tributes additional water to the channels. Irrigation of
agricultural lands is the major water use in the basin;
surface water is stored in reservoirs and diverted from
channels to canals for irrigation, for municipal use, for

power generation. Ground water is developed exten-
sively in the basin.

DEVELOPMENT OF IRRIGATION IN THE
PLATTE RIVER BASIN

Development of irrigation in the Platte River basin
has had significant effects on the hydrology of the river.
Not all of these effects have been documented owing to
a lack of long-term hydrologic records. The earliest
streamflow records date from 1891. Systematic flow
records date from 1930. To understand the changes in
hydrology that occurred prior to 1930, the history of
irrigation development in the basin is reconstructed
from records of canal construction and other available
information.

Although irrigation development varied temporally
throughout the basin, the history of development along
the Platte River and tributaries followed four general
stages. Each stage produced a different effect on river
hydrology. The first stage represents the earliest period
of irrigation. It was characterized by construction of
small, crude ditches to irrigate irregular patches of land
on the flood plains. The second stage was characterized
by construction of larger and more sophisticted canals
and ditches to irrigate lands on benches above the
valley floor. The amount of water appropriated to these
canals usually exceeded the summer flows of the river.
Thus, canals with later water rights were unable to
divert water during the irrigation season. Many canals
were abandoned, and the number of new appropriations
granted was reduced or eliminated.

The third stage was characterized by the construction
of reservoirs to store water from snowmelt runoff. Dur-
ing this stage, many of the canals abandoned previously
were reopened. Many new canals were constructed, and
existing canals were enlarged. Summer flows were over-
appropriated during most of stage 3, and new claims for
water each year exceeded the amount of water available
in the basin. The fourth stage marked the end of canal
construction in the basin. Dam construction continued,
but at a slower pace, and water impounded above these
structures was used to satisfy existing water rights and
new municipal demands for water and power. New
demands for irrigation water were satisfied with ground
water; stage 4 marked the beginning of large-scale
ground-water withdrawals in the basin.

Irrigation development has been documented in the
reports of the State Engineers of Colorado, Nebraska,
and Wyoming (State of Colorado, 1883/1884 to 1925/
1926; State of Nebraska, 1913/1914 to 1917/1918; State
of Nebraska, 1919/1920 to 1931/1932; State of Wyo-
ming, 1889-1931). Early record keeping was sporadic,
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F1GURE 1.—The Platte River basin in Colorado, Wyoming, and Nebraska.

and few diversion data are available prior to 1930.
Water-right adjudication records (which list the date of
appropriation for each canal, usually coincident with the
date of construction or enlargement) and the amount of
water appropriated to each canal can be used to infer in
a qualitative sense when changes in streamflow oc-
curred. For example, during a period when hundreds of
canal appropriations were granted in the basin, more
consumptive use of surface water would be expected.
When streamflow became overappropriated, the
number of new appropriations granted should decrease.
Thus, canal-appropriation records should indicate: (1)

However, the date of closure and the usable storage
capacity of each reservoir can be used to reconstruct
stream flow trends. For example, the beginning of large-
scale reservoir construction in the basin probably marks
the date of streamflow overappropriation. This date
serves as a reliable check on the overappropriation date
indicated by canal-appropriation records. Moreover,
certain streamflow parameters, such as peak flows, are

affected by reservoir construction.

SOUTH PLATTE RIVER AND TRIBUTARIES

When streamflow changes caused by canal diversions
began; and (2) the approximate date when summer flows
were overappropriated in the basin. Comparisons of ad-
judication and dam-construction records with several
written reports of the State Engineers suggest that
canal-construction activity can be used to indicate these
changes.

Similarly, few storage data exist for most of the reser-
voirs that were constructed in the basin prior to 1910.

The South Platte River and tributaries were the focus
of the earliest and most extensive irrigation develop-
ment in the Platte River basin. Irrigation in the basin
was first practiced by Antoine Janis, who diverted
water from the Cache la Poudre River 1838 (Steinel and
Working, 1926) or 1844 (Rohwer, 1953). The first
ditches were small and crude; irrigated lands were con-
fined to the flood plain. Construction of the small canals
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proceeded at a slow pace until about 1860. Prior to 1860,
28 appropriations were granted for canals in the South
Platte River basin (table 1). The period 1840-1860 may
be considered stage 1 in the development of irrigation in
the South Platte River basin.

The initial impetus for large-scale development of
irrigation was the influx of population at the time of the
discovery of gold in the mountains west of Denver in
1858. Water-right number one in the South Platte River
basin dates from 1859 on Bear Creek (table 1). In the
next decade, numerous small projects were begun and
irrigation was important enough by 1861 that the legis-
lature passed a law allowing landowners access to water
whether or not their land was immediately adjacent to

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

the stream. The establishment of the Greeley Colony in
1870 marked the beginning of construction of large
canals (McKinnon, 1952). This experiment demon-
strated the potential value of bench or terrace land, and
it may have served as a catalyst for the formation of
other large canal companies. Beginning in 1874, corpo-
rations were formed to finance large-scale canal proj-
ects. A period of increased construction began that
lasted until 1890. Between 1861 and 1870, 376 canals
were constructed; 533 canals were constructed between
1871 and 1880, and 364 canals were constructed be-
tween 1881 and 1890 (table 1).

Appropriations granted to these canals exceeded the
available water in the basin during the summer. How-

TABLE 1.—History of canal construction in the Platte River basin, 1851-1930

Date of
Number of new canals constructed or existing canals enlarged” earliest
River 1851-1860 1861-1870 18711830 18811890 1891-1900 19011910 1911-1920 1921-1930 °onel’
South Platte River basin
Cache la Poudre River and tributaries .............. 1 37 85 37 1 46 14 7 1860
Lodgepole Creek and tributaries . .................. 0 0 31 75 28 26 10 13 1873
Big Thompson River and tributaries . .............. 0 32 29 6 0 8 3 2 1861
Bear Creek and tributaries . ...................... 2 22 4 3 0 3 7 14 1859
South Platte River and tributaries below mouth of the
Cache la Poudre River, except Lodgepole Creek . . . .. 0 21 61 104 28 126 55 32 1868
South Platte River and minor tributaries above mouth
of the CachelaPoudre . ........................ 25 264 323 139 6 104 52 28 1860
Total, South Plattebasin . . .................. 28 376 533 364 63 313 141 96
North Platte River basin
Big Laramie River and tributaries ............... .. 0 8 98 467 148 263 119 29 1868
Sweetwater River and tributaries .. ................ 0 0 2 43 55 117 46 17 1880
North Platte River, Nebraska . .................... 0 0 0 16 36 5 7 1 1888
Tributaries to North Platte River, Nebraska ......... 0 0 0 19 51 30 24 13
North Platte River, Wyoming . .................... 0 0 2 32 15 47 25 17 1875
Tributaries to North Platte River, Wyoming, except
Sweetwater and Big Laramie River . .. ........ ... 9 91 740 410 801 436 161
North Platte River and minor tributaries, Colorado . . . . 0 0 1 310 10 128 75 11 1880
Total, North Plattebasin . . .................. 0 17 194 1,627 725 1,391 732 249
Platte River basin (except North and South Platte)
Platte River tributaries above the Loup River . ... .. .. 0 0 0 1 3 0 6 53
Platte River above the Loup River . .. .............. 0 0 0 2 7 0 3 16 1882
Total, Platte basin above the Loup River . . . . ... 0 0 0 3 10 0 9 69

Data compiled from Biennial Reports of the State Engineer of Colorado, 1883-1926; unpublished data from the files of the State Engineer of Colorado in Denver; Biennial Reports of the

Department of Water Resources, Nebraska, 1913-1932; 2nd Annual Report of the Territorial Engi

1889; Bi

, Wy ial Reports of the State Engineer of Wyoming, 1893-1930;

Tabulation of Adjudicated Water Rights, State of Wyoming, Water Division Number One, 1965.
*Numbers are based on appropriations to new canals or additional appropriations to existing canals exceeding 0.3 cubic meter per second.

3Based on recorded date of appropriation decree.
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ever, it is difficult to pinpoint the exact year in which
summer flows in the South Platte River basin were
overappropriated, because development activity varied
between the tributaries. For example, the earliest record
of overappropriation occurred in the Cache la Poudre
basin in 1876. Irrigation reports by the State Engineer
of Colorado during the early 1880’s indicate that most
of the canals holding appropriation decrees received
water during all but the driest years. By 1885, ap-
proximately 710 m¥s (cubic meters per second) were
appropriated in the South Platte River basin (State of
Colorado, 1886). Although not all canals granted appro-
priations were diverting water, summer flows were
nevertheless overappropriated. Thus, overappropriation
of summer flows in the South Platte River basin oc-
curred between 1880 and 1885, marking the end of stage
2,

Dams were built to increase available irrigation
water. The earliest reservoirs impounded less than
6.2 hm?® (cubic hectometers) in the basin in 1868. The
dams were small structures built in natural depressions
along or across small tributaries. Large-scale construc-
tion of dams in the basin began during the early 1880’s
(table 2). Canal-construction activity declined during
the decade 1890-1900 (63 constructed) and increased
again after 1900. Canal construction declined again
after 1910. Construction of dams did not completely
eliminate overappropriation of summer flows. In
1911-1912, for example, only canals with appropriation
decrees of 1882 or older received water during the
highest flows in June. In the same years, new claims for
water totaling 784 m¥%s were made (State of Colorado,
1914).

Although present storage is double that of 1912 (fig.
2), only a minor amount of the increase has been for irri-
gation. Dam construction declined during the 1920’s, in-
creased slightly during the early 1930’s, and declined
afterward. Most of the reservoirs impounded after 1930
were for new municipal water supplies and for flood con-
trol and recreation. Little canal-construction activity oc-
curred after 1930. New demands for irrigation water

A5

were satisfied with ground water. Thus, 1930 marks the
end of stage 3 and the beginning of stage 4 in the South
Platte River basin.

Diversion of surface water from the Colorado River
basin and North Platte River basin provided additional
water for the South Platte River basin. The earliest of
these transbasin diversions was begun in the early
1890’s. Importation of water increased gradually from
completion of the first structures to 1947, when the
Alva B. Adams Tunnel, which imports water from the
Colorado River basin, was completed. The large increase
in imports of water after 1947 is shown in figure 3.
Average annual diversions in 1974 totaled 460 hm?®
(Gerlek, 1977).

Use of ground water for irrigation dates from 1885,
from an area near Eaton, Colorado (Rohwer, 1953). Ex-
tensive development of pump irrigation did not begin
until 1910. The number of irrigation wells in the South
Platte River basin increased slowly to a total of about
735 by 1933. The drought years of the mid-1930’s saw
the number of wells almost triple, to 2,000. The use of
ground water for irrigation has continued to increase in
importance with time (Hurr, 1975).

NORTH PLATTE RIVER AND TRIBUTARIES

Irrigation development along the North Platte River
and tributaries had an early history similar to that of
the South Platte River basin. Irrigation was practiced
in the vicinity of Fort Laramie as early as 1847
(McKinley, 1938). Throughout the 1850’s and 1860’s,
small-scale irrigation projects flourished near military
outposts, commonly to provide produce for emigrants.

Unlike Colorado, Wyoming did not experience a
mineral-exploration boom in the late 1850’s; the domi-
nant industries in Wyoming during this period were
grazing and agriculture. Although canals were built to
irrigate farmland, grazing land did not require irrigation
water. Thus, canal construction proceeded slowly dur-
ing the 1860’s and early 1870’s. The period 1850-1870

TABLE 2.—History of reservoir capacity in the Platte River basin'

New usable storage, in cubic hectometers

Basin 1851-1860 1861-1870 1871-1880 1881-1890 1891-1900 1901-1910 1911-1920 1921-1930 1931-1940 1941-1950 1951-1960 1961-1970 1971-1980
South Platte River

basin ............. 0 0 8.7 142.2 1675 535.3 102.6 0 186.5 118.3 76.0 0 539.0
North Platte River

basin ............. 0 0 0 0 11.6 1,408.0 97.7 79.2 1,646.8 2,402.9 969.9 0 0
Platte River above

Loup River ........ 0 0 0 0 0 0 0 0 53.9 0 0 0 0

!Data from Martin and Hanson, 1966; F. B. Schaffer, Conservation and Survey Division, University of Nebraska, written commun., 1979 (for reservoirs in excess of 6.2 cubic hectom-

eters).
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F1GURE 2.—Cumulative usable storage in reservoirs in the Platte River basin (modified from Bentall, 1975a).

may be considered stage 1 in the development of irriga-
tion in the North Platte River basin.

The most rapid construction of canals occurred dur-
ing the 1880’s when cattlemen realized the benefits of ir-
rigating grazing lands (McKinley, 1938, p. 91). In 1883,
construction of the first large canals was completed on
the Laramie River (Pioneer Canal) in Wyoming and the
North Platte River (North Platte Canal) in Nebraska.
By 1884, 22 firms, whose primary function was to sup-
ply water, existed in the North Platte River valley
(McKinley, 1938). The severe winter of 1886-1887, dur-
ing which the range-cattle industry experienced great
losses for want of feed, provided the impetus for expan-
sion of irrigation.

During the 1880’s and early 1890’s, several large
canals were constructed on the North Platte River in
Nebraska and on tributaries to the North Platte River
in Wyoming. By 1889, Wyoming ranked third among
the arid states in irrigated acreage and second in canal
mileage following development in the North Platte

basin above the Sweetwater River. The North Platte
River in Wyoming below the mouth of the Sweetwater
River was undeveloped as late as 1892 (U.S. Geolgoical
Survey, 1892), primarily because of the difficulty of
diverting water from the North Platte River in the reach
below the Sweetwater River.

Canal construction declined in the 1890’s because by
1894, most of the available land in the North Platte
River basin was being irrigated. The Carey Act, enacted
in 1894, provided 1 million acres to the State on the con-
dition that it be irrigated. Under this act, the largest
private irrigation development within the basin was
undertaken (McKinley, 1938). A second legislative act,
the Federal Reclamation Act of 1902, enabled reclama-
tion projects to be funded from the sale of public lands
in the West. As a result of these legislative acts, canal
construction increased during the period 1901-1910.

Overappropriation of summer flows in the North
Platte River basin varied temporally along the
tributaries. By 1889, summer flows of the smaller order
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streams in the basin were overappropriated (State of
Wyoming, 1889); by 1899, flows of the Laramie River
were overappropriated (State of Wyoming, 1899); by
1901, flows of Horse Creek and tributaries, Chugwater
River and tributaries, Little Laramie River and
tributaries, and upper North Platte River and
tributaries in Colorado and Wyoming were overap-
propriated (State of Wyoming, 1902). Summer flows of
the North Platte River in Nebraska were overap-
propriated sometime between 1914 and 1917 (State of
Nebraska, 1914; State of Wyoming, 1918).

Flows of the North Platte River in Wyoming, below
the mouth of the Sweetwater River, were not utilized
until the construction of Pathfinder Dam in 1909 (fig. 2).
The difficult terrain through which the river flowed of-
fered few good sites for canal diversions, making the
costs of diversion prohibitive. The Reclamation Act of
1902 provided public funds with which canals could be

constructed along this section of the North Platte.
Because of the lag in canal construction, overappropria-
tion of summer flows in this section of the North Platte
did not occur until much later than in the remainder of
the basin. Overappropriation of summer flows in most
of the North Platte River basin, however, occurred be-
tween 1900 and 1915. This period marks the end of
stage 2 in the development of irrigation in the North
Platte River basin.

Reservoir construction in the North Platte River
basin began in 1892 (McKinley, 1938). The first reser-
voirs were natural lakes on the upper reaches of the
tributaries that were modified to allow storage and
release of water. In 1897, the Wyoming Development
Company completed a reservoir on the Laramie River.
By 1906, 27 small reservoirs, not listed in table 2, with
combined storage capacities of 3.0 hm®, were operating
in the basin (State of Wyoming, 1906).
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The impoundment of Pathfinder Reservoir marked
the beginning of stage 3 in the development of irrigation
in the North Platte River basin. A renewed construction
of canals occurred with the construction of reservoirs.
During the period 1901-1910, 1,391 canals were con-
structed; during the period 1911-1920, 732 canals were
constructed; and during the period 1921-1930, 249
canals were constructed. Canal construction declined
after 1930. Dam construction for the purpose of irriga-
tion in the North Platte River basin ended after 1939.
The year 1939 marks the close of stage 3 in the develop-
ment of irrigation in the North Platte River basin.

PLATTE RIVER VALLEY

Development of irrigation along the Platte River
lagged behind that of the North Platte and South Platte
Rivers, partly because of the unwillingness of land-
owners to identify their land with more arid lands to the
west (McKinley, 1938), and partly because irrigation
was not essential for production of marginally profit-
able crops (Lugn and Wenzel, 1938).

Irrigation apparently was practiced as early as 1856
in the Platte River valley, near Wood River, about 18
km east of Fort Kearny (Carlson, 1963). Additionally,
small irrigation projects were attempted during the dry
years from 1859 to 1864. The project most commonly
cited as the beginning of irrigation in the Platte River
basin was a canal dug by John Burke in the year 1864
(Carlson, 1963) or 1866 (Willis, 1951), just east of North
Platte. Little additional irrigation development oc-
curred until 1882, when the Kearney canal was built for
hydropower generation and irrigation. Further develop-
ment occurred between 1891 and 1895, dry years in the
Platte River valley, when six large canals were built on
the Platte River between North Platte and Kearney.
Between 1901 and 1930, one additional canal was con-
structed on the Platte River (1926), and several canals
were constructed on the tributaries to the Platte River
(table 1).

Construction of dams to supply canals on the Platte
River did not result from overappropriation of flows on
the river following canal construction. Rather, a short-
age of water developed from the greater consumptive
use of surface water upstream on the North Platte and
South Platte Rivers. Three reservoirs, two of them off-
stream and Lake McConaughy on the North Platte with
a combined usable storage capacity of 2,456 hm? were
built after 1930 to supply canals and provide power.

Unreliability of streamflow in the Platte River en-
couraged development of ground water for irrigation.
There is some historical evidence of pumping of ground
water for irrigation beginning in the late 1880’s (Willis,
1951), but this is not documented in the Platte River

basin until 1893 (Lugn and Wenzel, 1938). Development
of pump irrigation was slow initially, but it increased
steadily, particularly after 1910. Between 1911 and
1920, 146 wells were constructed in the Platte River
valley; between 1921 and 1930, 558 wells were con-
structed in the valley (Lugn and Wenzel, 1938). Most of
the wells developed before 1930 were located west of
Grand Island. The drought years of the 1930’s hastened
the development of ground-water irrigation, and its
development continues to increase.

EFFECTS OF WATER DEVELOPMENT
ON HYDROLOGY

PRESETTLEMENT HYDROLOGY

The Platte River valley served as a natural highway
linking the eastern part of the United States with the
unexplored and unsettled west. The first reliable reports
of the river were written during journeys up the valley
in the early 19th century. The number of reports in-
creased during the large migrations west that began in
the early 1840’s, the California Gold Rush migrations in
the late 1840’s and early 1850’s, and the Pikes Peak
Gold Rush migration in the late 1850’s. Between 1800
and 1860, a substantial number of observations were
recorded regarding the geology, topography, geomor-
phology of the valley, and hydrology of the river.

Accounts written during early explorations of the
Great Plains and Rocky Mountains by scientific expedi-
tions, as discussed below, probably furnish the most
reliable information about the river and valley. Location
of historic sites and migration trails are shown in figure
4. In most cases, these expeditions were commissioned
for the purpose of observing and reporting on the lands
and rivers of the region. Later accounts of the river and
valley, written during westward migrations, probably
are not as reliable. These accounts were written by
travelers using the valley as a means of going west;
their interest in the territory was secondary to the im-
mediate task of surviving the journey. Usually, no at-
tempts were made at systematic observation, and the
prejudices of fellow travelers and travel guidebooks
often were repeated in the journals. Movement of large
numbers of settlers through the Platte River valley
(estimated to be 350,000 persons between 1841 and
1866 by Mattes, 1969) had a significant impact on the
land. For example, timber, a scarce commodity in the
valley before the first migrations, all but disappeared in
many parts of the valley because of use by settlers and
railroads.

The most notable expeditions that touched the Platte
River valley were the Lewis and Clark Expedition in
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FIGURE 4.—Location of modern and historic sites in the Platte River valley.

1804, the Long Expedition in 1820, the Fremont Ex-
pedition in 1842, and the Stansbury Expedition in
1850-1851. Other notable explorations were the Stuart
Exploration in 1812-1813, the Ashley-Smith Explora-
tions in 1822-1829, and the Bonneville Exploration in
1832. These and other accounts of the river and valley
written during the period 1800-1860 by missionaries,
trappers, naturalists, and settlers provide the first
substantial historical description of the Platte River.

FLOODS

To clear the western passes before the first snowfall,
travelers had to traverse the Platte River valley in the
spring, during spring floods. Thus, most observations of
the river were made during high flow. In approximately
70 years of written records of early explorations of the
valley, from about 1800 to the construction of railroads
and the subsequent cessation of the great westward
migrations in 1870, there are no accounts of overbank
floods on the Platte River. In 1820, the Long Expedi-
tion (James, 1823) reported that the river was so wide
and the banks so high that ‘“‘the highest freshets pass
off without inundating the bottoms, except in their low-
est parts; the rise of the water, on such occasions, being
no more than five or six feet.” In 1849, Pritchard
{Morgan, 1959, p. 63) wrote in his journal, that the
banks of the Platte near Grand Island:

are low at this time (the river being high) (and] do not rise more than
18 inches or two feet above the surface of the water. I judge that the
bottoms at this point are rarely, if ever inundated * * *. Such is the
breadth of the channel that an immense quantity of water would be
required to raise it above its banks * * *,

The only observation of flooding in the Platte River
basin was noted by Fremont (1845, p. 110), on the South
Platte upstream of Bijou Creek, who wrote “On the
evening of the 3rd (July) as we were journeying along
the partially overflowed bottoms of the Platte * * *.”
The “bottoms’’ referred to in these accounts are prob-
ably the low, broken meadowlands that occur on either
side of the river. These bottomlands usually contain
abandoned channels, which, during high flow, may be
filled with water from a rise in the ground-water table,
rather than by overflow of the river. It is unclear from
historical accounts, particularly the Fremont account,
whether the bottomlands were inundated by overflow of
the river or by a rise in the ground-water table.

LOW FLOWS

Because most of the travels along the Platte River
valley occurred in the spring, few historical accounts ex-
ist of the river during low flow. Of particular interest is
the behavior of the river between the junction of the
North Platte and South Platte Rivers and the conflu-
ence with the Loup River (fig. 2). The Loup has a fairly
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constant discharge (Brice, 1964, p. 35); therefore, the
Platte River below this confluence probably was a
perennial stream. Little is known about low-flow
behavior of the river above the confluence with the Loup
prior to irrigation, about 1860. Miller (1978) concluded
that prior to irrigation the Platte River above the junc-
tion of the Loup rarely, if ever, went dry in the summer.
This conclusion is based primarily on indirect evidence,
such as construction of canals along the Platte to divert
water during the summer months.

Several observations of the Platte River during low
flow are notable. Clarke (1902, p. 301) reported that “In
the summer of 1863, the Platte having so nearly dried
up as to make it difficult to secure water for cattle * * *
We sank headless barrels in the Platte * * * to secure
water from an underflow.” Ware (1911, p. 41) noted that
during the summer of 1864:

From Fort Kearney, for many miles up, there was no water in the
river. The water seemed to be in ““‘the underflow”. We not infrequently
rode down to the river, and with shovels dug watering places in the
sand of the bed * * *. We were told that 75 miles of the river were
then dry, and that generally about 125 miles of it were dry in the
driest season * * *

The year 1864, however, apparently was not unusu-
ally dry. In 1864, Ward (in Root and Connelley, 1901)
wrote of the ‘“unprecedented flood of 1864.” McKinley
(1938) also reported the river to be unusually high dur-
ing the spring of 1864.

Fremont (1845, p. 77), descending the North Platte
River (Sept. 3, 1845), wrote that the river was ‘‘merely a
succession of sandbars, among which the channel was
divided into rivulets a few inches deep.” Upon reaching
the Platte River, Fremont and his men constructed a
bull boat which, when fully loaded with men and sup-
plies, drew four inches of water; they attempted to
navigate the river (Fremont, 1845, p. 78):

On the morning of the 15th [September] we embarked in our hide
boat, Mr. Preuss and myself, with two men. We dragged her over the
sands for three or four miles, then left her on a bar and abandoned en-
tirely all further attempts to navigate this river * * *,

If the river did not go dry every summer, the flow
became relatively insignificant, a “‘mere trickle of water
among sandy shoals” (Ghent, 1929, p. 128). Between
the junction of the North Platte and South Platte
Rivers and the Loup River, the Platte may have gone
dry during years of low precipitation and probably was
reduced to a trickle in other years.

POSTSETTLEMENT HYDROLOGY

SURFACE WATER

Diversion and storage of surface water for irrigation
and hydropower generation have changed patterns of

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

streamflow in some reaches in the Platte River basin.
At some stations changes in flood peaks, annual mean
discharge, and the shape of flow-duration curves have
been recorded. These changes are not found uniformly
throughout the Platte River basin, because develop-
ment of water resources has progressed differently
along the North Platte, South Platte, and Platte Rivers.

Construction of large onstream reservoirs in Wyo-
ming and Nebraska has decreased peak flows of the
North Platte River. Four gaging stations on the North
Platte River with long periods of record show that peak
discharge decreased progressively after the closure of
each of four major dams (Williams, 1978). Kircher and
Karlinger (1981) determined statistically that changes
in annual peak flows on the North Plate River at North
Platte, Nebraska, are better described by two regression
models, one corresponding to the period prior to con-
struction of Kingsley Dam (1895-1935) and one corre-
sponding to the period following construction (1936-
1979), than by a single model. Kircher and Karlinger did
not test the significance of differences in peak flows
following each period of dam construction, but peak
flows from 1895 to 1935 decreased with time. There has
been no significant change in peak flows since 1935.

Reservoir development has been less extensive in the
South Platte River basin than in the North Platte River
basin. Total reservoir storage in the South Platte River
basin increased about 100 percent from 1915 to the
present (fig. 2) with the majority of storage in offstream
reservoirs. Kircher and Karlinger (1981) showed that
peak flows of the South Platte River near Kersey and
Julesburg, Colorado, have not changed significantly
since 1902, the beginning of the record. However, a
statistically significant decrease in peak flows with time
was observed on the South Platte River at North Platte,
Nebraska, probably due to surface-water diversions
downstream of Julesburg.

Peak flows of the Platte River are influenced by flows
from both the North Platte and South Platte Rivers.
Since the reduction of flood peaks on the North Platte
River, flood peaks on the South Platte River have
become a more significant component of flow on the
Platte River. Peak flows on the Platte River near Over-
ton, Nebraska, have decreased over the period of record,
1915-1979, but have shown no statistically significant
decrease since 1935 (Kircher and Karlinger, 1981). No
long-term change is apparent in peak flows near Grand
Island, Nebraska, since the record began in 1935.
However, changes may have occurred prior to 1935.

If the entire period of record is considered, annual
mean flows have decreased on the North Platte and
Platte Rivers. However, since 1935, annual mean flows
on these rivers have either not changed signficantly or
have increased. Records for the North Platte River at
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North Platte and the Platte River near Overton show no
statistically significant change in annual mean flows for
the period 1935-1979 (Kircher and Karlinger, 1981). An-
nual mean flows of the Platte River near Grand Island
have increased significantly since 1935. No long-term
change is apparent in annual mean flows of the South
Platte River although changes may have occurred prior
to the period of record. Importation of water into the
South Platte River basin apparently has counteracted
the effects of water development within the basin.

In addition to changes in streamflow characteristics
that may be attributed to river regulation, one must
consider the possible effects of climate. Droughts have
occurred in the Great Plains roughly every 20 years
(Hecht, 1981), although the distribution and intensity
has been quite different for each drought period.
Droughts in the Central Great Plains in 1911, 1913, and
1917 were short, severe, and spatially limited, whereas
the drought of the 1930’s was particularly severe in the
Platte River basin (Hecht, 1981). Although flows, in
general, were decreased during the 1930’s drought, the
maximum floods of record on the Platte River occurred
in 1935 at all gaging stations (Petsch, Rennick, and
Nordin, 1980). Therefore, trends in streamflow charac-
teristics can be correlated with documentation of water
development in the basin, but it is difficult to relate
changes in hydrology to random climate variations.

The flow-duration curve is the frequency distribution
of daily mean flows at a given site. The flow-duration
curve graphically represents variability of streamflow
by the shape of the curve. The position of the curve
reflects the magnitude of the streamflow (Leopold,
Wolman, and Miller, 1964). Curves with low slope and
high minimum values generally indicate a large
baseflow component of streamflow. High slope and low
minimum values indicate a more ephemeral character
and a quicker response to precipitation events. The
flow-duration curve does not provide information about
sequential relationships of flows (Hudson and Hazen,
1964). Thus, although the curve may reveal that a given
flow is exceeded 50 percent of the time, it cannot in-
dicate if the flows occurred consecutively, randomly, or
in some pattern.

The shape of flow-duration curves for most stations
on the North Platte, South Platte, and Platte Rivers has
changed with time (Kircher and Karlinger, 1981;
Eschner, 1981). In general, the curves show an increase
in the magnitude of high-frequency discharges. A
representative example of the type of changes that have
occurred in flow duration over time is shown in figure 5.
The position of the curve is dependent on the volume of
water passing the gage during the period for which the
flow duration is computed. However, the changes in the
shape of the flow-duration curves with time reflect the

All

cumulative effects of streamflow regulation and water
use.

SURFACE-WATER - GROUND-WATER RELATIONSHIPS

Unconsolidated deposits of the Platte River valley in
the study area consist of Quaternary sediments, which
include Holocene alluvium. The Ogallala Formation of
Tertiary age and Pierre Shale and Niobrara Formation
of Cretaceous age underlie the Quaternary sediments in
the Platte River valley. The Ogallala Formation thins to
the east and pinches out between. Kearney and Grand
Island. The thickness of the Ogallala Formation is ir-
regular due to deposition on an irregular Cretaceous sur-
face and to subsequent erosion.

Quaternary sediments and, where present, the
Ogallala Formation, are the principal aquifers in the
Platte River valley. These two units act as a single
aquifer in areas where the Quaternary materials overlie
the Ogallala. The Quaternary sediments comprise the
primary aquifer where these sediments directly overlie
the Pierre Shale or Niobrara Formation. The Niobrara
Formation is a source of ground water at some locations
(Bentall, 1975b). Thickness of saturated alluvium varies
from about 6 m to more than 122 m because of an ir-
regular bedrock surface (Bentall, 1975a).

The Platte River is hydraulically connected with the
aquifer in the valley (Lappala, Emery, and Otradovsky,
1979); water can move from the river to the ground
water and from the ground water to the river. The river
serves as a control on the ground-water system and can
influence ground-water levels and reflect changes in
those levels. A study near Grand Island indicates that
ground-water levels within 0.8 km of the river in that
area respond within 24 hours to changes in river stage
(Hurr, 1981). It is not known if this rate of change is
typical for other areas within the Platte River valley.

In general, ground-water pumping lowers ground-
water levels. This reduction may result from drawdown
and change in water-table gradient, rather than from ap-
preciable loss of storage. Evapotranspiration salvage,
or the reduction of evapotranspiration by lowering the
water table, would offset partially the decrease in water
level brought about by ground-water pumping in areas
where the ground-water table is close to the surface.
Ground-water withdrawals in relatively close proximity
to the Platte River may influence ground-water levels in
two ways: (1) By initiating drawdown, and (2) by caus-
ing river-stage decline that may induce a further reduc-
tion in ground-water levels downstream (Hurr, 1981).

Evapotranspiration also may result in considerable
loss of water to the atmosphere. As vegetaton becomes
established on the valley floor, transpiration increases.
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F1GURE 5.—Flow-duration curves for 10-year periods, Platte River near Overton, Nebraska (from Kircher and Karlinger, 1981).

Dirmeyer (1975) states that about 1,136 hm?® of water
are lost to the atmosphere through evapotranspiration
each year between Kingsley Dam and Duncan, a dis-
tance of 386 km. This quantity was estimated by
assuming that the vegetation on the valley floor is a
strip 1.6 km wide, and the evapotranspiration rate is
1.8 m/yr.

An annual evapotranspiration rate of 1.8 m is prob-
ably high for central Nebraska, although this rate has
been documented in more arid regions. Gatewood and
others (1950) found that cottonwood trees in the Lower
Safford Valley of Arizona transpire about 1.8 m annual-
ly. Average annual use of ground water by cottonwood
and willow trees along the San Luis Rey River, Califor-
nia, was 1.6 m with the water table at 1.2 m, and 2.5 m
with the water table at 0.9 m (Robinson, 1958). For
Niobrara County, Wyoming, an area more similar to
central Nebraska than Arizona or southern California,
Whitcomb (1965) inferred that 0.9 m was a reasonable
rate for annual evapotranspiration by cottonwood trees.
Total lake evaporation along the Platte River ranges
from 1.1 to 1.3 m/yr.

Assuming a more conservative evapotranspiration
rate of 1 m/yr and a vegetation swath 1 km wide for the
386 km from Kingsley Dam to Duncan, the annual
evapotranspiration loss would be 386 hm?®. This is equiv-
alent to a flow of 12.2 m¥s if the rate of evapotranspira-
tion is constant throughout the year, or alternatively, it
is equivalent to a flow of 24.8 m?s if the entire volume of
water is transpired during a six-month growing season.

Net rises in ground-water level have resulted primar-
ily from seepage water from canals and reservoirs. Lugn
and Wenzel (1938) noted a rise in water level over 3 m
since 1896 near Lexington, Nebraska. In general, rises
of 3 m have occurred beneath the Central Nebraska
Public Power and Irrigation District in Lincoln, Gosper,
Dawson, Phelps, and Kearney Counties. The largest
recorded rises in water levels have been 27 m for Phelps
County, 19 m for Kearney County, and 25 m for Gosper
County (Johnson and Pederson, 1980). Rises of more
than 0.6 m were measured in those counties between
October 1968 and October 1971 (Lappala, Emery, and
Otradovsky, 1979).

Net declines in the water table have occurred over
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broad areas in the Platte River valley in response to
ground-water pumping. The greatest water-table
declines have occurred primarily in areas where depth to
the water table prevents evapotranspiration salvage
(Bentall, 1975a). Since the beginning of development
declines of less than 1.5 m have occurred extensively
throughout Buffalo, Hall, and Merrick Counties;
declines of up to 6.4 m have been recorded in Buffalo
County, mainly in upland areas along the Platte River-
Loup River divide (Johnson and Pederson, 1980).
Declines of more than 1.2 m have been measured for the
period 1968 to 1971 for other parts of Buffalo, Hall, and
Merrick Counties (Lappala, Emery, and Otradovsky,
1979).

Water-level changes in the Platte River basin in
Nebraska were simulated by Lappala and others (1979)
for various development schemes. Projected water-level
changes ranged from rises up to 6.1 m over some areas
with no further development, to net declines up to
24.4 m over the entire upper Platte subbasin, if develop-
ment of ground water continues at the rate that oc-
curred from 1960 to 1970.

EFFECTS OF CHANGES IN HYDROLOGY
ON THE CHANNEL

PRESETTLEMENT CHANNEL AND
VALLEY-FLOOR CHARACTERISTICS

CHANNEL WIDTH

Channel width was the most obvious characteristic of
the Platte River in the 19th century. Most travelers,
comparing the Platte to rivers in the Eastern United
States, found the width of the river remarkable; com-
ments on channel width were recorded in most journals.
Accurately estimating distances across a wide body of
water is difficult. Accordingly, estimates of channel
width from historical accounts must be used with cau-
tion. In 1849, Pritchard (Morgan, 1963, p. 63) noted that
it ““is hardly possible to guess at the width of the river
as we seldom see the whole at once, on account of the
numerous islands that are scattered from shore to shore
* % ¥ ”’ Many of the estimates of channel width included
the width of the islands in the channel. In 1849 Gibbs
(Settle, 1940, p. 306) noted ““[the Platte] is a mile [1.6
kmj] in width. Where cut up by islands, as is often the
case, it extends to double or treble [that distance}, and in
one place is seven miles [11.3 km] wide from shore to
shore.”

Estimates of the width of the Platte River during the
period 1800-1860 vary from 1.2 to 4.8 km, with the
most common estimates ranging from 1.6 to 3.2 km.
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There are two measured observations of channel width
recorded in the the literature. In 1832, Captain Bon-
neville (Irving, 1837) measured the width of the Platte
River 40 km below the head of Grand Island and found
it “twenty-two hundred yards [2.0 km] from bank to
bank.” Fremont (1845, p. 21) determined the width of
the Platte River below the confluence of the North
Platte and South Platte Rivers to be 1.6 km.

CHANNEL DEPTH

The second most remarkable characteristic of the
Platte River was its depth. The river could be forded
anywhere at almost anytime of the year, except during
spring floods. Observations of water depth are useful
only to establish a range in flows. Most observations of
depth range from 0.3 to 1.2 m, depending on river stage.
Long (James, 1823) reported that the bed of the Platte
“is seldom depressed more than six or eight feet [1.8 to
2.4 m] below the surface of the bottoms, and in many
places even less.” Jessup (James, 1823) substantiates
Long’s report:

The range of the Platte, from extreme low to extreme high water is
very inconsiderable, manifestly not exceeding six or eight feet [1.8 to
2.4 m]. This is about the usual height of its banks above the surface of
the sand which forms its bed * * *.

Warren (1858) later reported that, ‘‘when the banks are
full, it [Platte] is about six feet [1.8 m] deep throughout,
having a remarkably level bed.”

BED MATERIAL AND BED FORMS

In general, descriptions indicate that the bed material
consisted of sand and gravel. However, James (1823),
the botanist and geologist of the Long Expedition,
stated, “The alluvial deposits of which the river bot-
toms are formed, consist of particles of mud and sand
* % * " implying that the bed was finer than other ac-
counts indicated.

Quicksand was encountered in the channels of the
Platte system. In 1812, Stuart (Rollins, 1935) wrote
that the bed of the Platte River, near the present day
Gosper-Phelps County border, was composed “‘of such
quicksand that it was difficult for our horse to get over,
though the water was in no place more than two feet [0.6
m] deep.” Farther downstream near Fort Kearny,
Taylor (Williams, 1969) in 1850 noted, ‘“The bottom is
composed of a fine quicksand * * *.” Fremont (1845)
described the southern channel of the South Platte
River near the confluence with the Platte River as being
“generally quicksands.”

The configuration of the channel bed and its
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ephemeral character were described in detail by several
travelers. Bradbury (1819), recrossing the Platte, noted:

in the same place where the day before it reached to our armpits, it did
not now reach to our waists, although the river had not fallen. Such
changes in the bottom of this river * * * were very frequent, as it is
composed of a moving gravel, in which our feet sank to a considerable
depth.

Mattes (1969) cited two descriptions of the Platte River
bed near Fort Kearny. In 1849, Pritchard (Mattes, 1969)
noted the composition and character of the bed: “The
bed of the river is composed of sand, and this is all the
time shifting its position and fresh deposits are con-
stantly being made.” Evans (Mattes, 1969) wrote in
1849 that the Platte was a wide sheet of water ‘‘running
over a vast level bed of sand and mica * * * continually
changing into short offsets like the shingled roof of a
house * * *”

The account of the Long Expedition (James, 1823)
stated of the Platte, “its bed is composed almost ex-
clusively of sand, forming innumerable bars, which are
continually changing their positions and moving
downward [downstream] * **’” In their travels,
members of the Long Expedition observed on the flood
plain “‘extremely numerous natural elevations of earth,
of some considerable degree of regularity * * * of a more
or less oval outline” with lengths of about 30 m and
heights of 0.6 to 1.5 m. These elevations were presumed
to have been former sandbars, “Their existence is
doubtless due to the action of water. Should the rivers
Platte and Arkansas be deprived of their waters, the
sand islands of their beds would probably present a
somewhat similar appearance.”

The water of the Platte commonly was referred to as
muddy or turbid. The “‘turbid waters of the Platte”
were noted by the Long Expedition (James, 1823).
McKinstry (1975), although calling the Platte a river of
sand, stated that it was ‘“nearly as muddy” as the
Missouri. Taylor (Williams, 1969) wrote that the river
was, at various points, “swift and muddy ,” “muddy
and turbulent,” and “broad swift and muddy.” Kelly
(1851) described the river as turbid. Ebey (Baydo, 1971)
stated of the Platte: “The water is always muddy and
turbid * * *.”’ Stage coach drivers (Ghent, 1929) used to
tell the story that the Platte never overflowed its banks
because its flood waters carried so much mud, that as it
rose, it built new banks.

ISLANDS

Islands were a ubiquitous feature in the Platte River
channels. In 1852, Cole (1905, p. 29) wrote:
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Looking out upon the long stretch of river either way were islands
and islands of every size whatever, from three feet in diameter to
those which contained miles of area, resting here and there in the
most artistic disregard of position and relation to each other, the
small and the great alike wearing its own mantle of the sheerest
willow-green * * *

Islands of the Platte River can be divided into two
groups based on size, elevation, and vegetation. The
large, well-timbered islands were described and mapped
by Fremont (1845, pl. 1); these are Brady Island, Willow
Island, Elm Island, Grand Island, and five other un-
named islands. Grand Island, also called the “Great
Island” or “Big Island,” was the largest of the islands
mapped, being 84 km long and 2.8 km wide by
Fremont’s estimate. Although no quantitative esti-
mates were given of the elevation of the large islands,
Fremont (1845, p. 78) described Grand Island as being
“sufficiently elevated to be secure from the annual flood
of the river.”

In addition to the large islands, there were hundreds
of smaller islands too numerous to map or name. These
islands were as small as a few square meters in area;
most supported shrubs, young willows, and cotton-
woods. A particularly dense concentration of these
smaller islands occurred between Fort Kearny and
Grand Island: these were named ‘“Thousand Islands”
after the Thousand Islands of the St. Lawrence River
(Meline, 1966, p. 21).

VEGETATION

The valley of the Platte River supported a wide vari-
ety of plant species. The Fremont Expedition collected
and cataloged over 90 plant species in the valley; the list
included several species of trees, such as poplar (cotton-
wood), elm, hackberry, box elder, willow, and juniper.
Other tree species found in the valley included cedar,
dogwood, ash, and aspen.

Timber was a scarce commodity; however, it grew on
the islands in the river and could be found in scattered
groves between the Missouri and Loup Rivers (Fre-
mont, 1845, p. 79). In 1820, according to Bell, the banks
of the Elkhorn River and the Platte River near the Loup
Fork were well-timbered (Fuller and Hafen, 1957,
p.107). The banks of the Platte River near Buffalo
Creek also were timbered in 1812, according to Stuart
{Rollins, 1935, p. 217). Timber also grew on the banks of
the Platte River from the present site of Cozad to Brady
Island (Fremont, 1845) and on the south bank of the
Platte River along Brady Island (Rollins, 1935; Fre-
mont, 1845; Palmer, 1847).

The scarcity of timber in the valley has been at-
tributed to the effects of grazing buffalo and prairie
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fires (Stansbury, 1851, p. 32; Mattes, 1969). Accounts of
prairie fires can be found in several reports. Wyeth
(1833) noted that the ground “is covered with herbage
for a few weeks of the year only, * * * owing to the In-
dians burning the prairies regularly twice a year.” Brad-
bury (1819) observed near the mouth of the Platte:

the reflection of immense fires, occasioned by burning prairies. At
this late season (April 28), the fires are not made by hunters to
facilitate their hunting, but by war parties; and more particularly
when returning unsuccessful, or after a defeat to prevent their
enemies from tracing their steps * * *,

Several parties reported large areas of burned prairie
along the Platte River valley. Stansbury (1851, p. 32)
reported that the valley was burned for a distance of
480 km above Fort Kearny.

The influences of man and climate as regulators of
tree growth in the valley have been underemphasized.
The Indians used cottonwood as fodder for their horses
and for firewood. Timber use by man increased during
westward migrations up the valley. Fremont (1845,
p. 17) noted that, near the head of Grand Island, “with
the exception of a scattered fringe (of trees) along the
bank, the timber * * * is confined almost entirely to the
island.” Burnett (1904) reported that, in 1844, ‘“near the
head of Grand Island * * * there was not a solitary tree
on the south side of the river.” It is likely that the few
trees that grew along the banks of the Platte River were
used for fodder and fuel by the Indians or settlers.

Distribution of timber in the valley was inconsistent
with that expected based on the prairie-fire hypothesis.
Timber grew along all the large tributaries to the Platte
River, in many of the ravines in the bluffs along the
valley margin, and in many hollows on the valley floor.
It is unlikely that prairie fires sweeping across the
valley would spare the timber along the rivers and in the
ravines and hollows. A more likely explanation is that
distribution of timber was controlled by availability of
water; ravines, hollows, river banks, and islands are
situated in topographically lower areas in close proxim-
ity to water. The conditions in these areas favor ger-
mination and growth. The remainder of the valley is
topographically higher and drier. Conditions favoring
the germination of seeds and growth of trees probably
did not exist along most of the valley.

Aridity of the valley was observed by many travélers.
In 1820, Long christened the area ‘‘The Great American
Desert,” a description of the valley that stuck through
most the 19th century. Several writers observed saline
crusts on the surface over large areas of the valley.
Townsend (1833) observed that the ground near Grand
Island:

is in many places encrusted with an impure salt, which by taste ap-
pears to be a combination of sulphate and muriate of soda [thenardite
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and halite); there were also a number of little pools, only a few inches
in depth, scattered over the plain, the water of which is so bitter and
pungent, that it seems to penetrate into the tongue, and almost to
produce decortication of the mouth * * *,

Auvailability of water probably was the prime factor that
determined the distribution of timber in the valley.
Prairie fires and grazing buffalo may have been second-
ary regulators of growth and distribution.

SUMMARY OF PRESETTLEMENT CHARACTERISTICS

In the 1800’s the Platte River averaged about 2 km in
width; it may have been as wide as 5 km where it was
cut by islands, or as narrow as 1.2 km where no islands
were present in the channel. The two measured observa-
tions of width (Irving, 1837; Fremont, 1845), 2.0 and
1.6 km, fall within these average values. Flow depth
varied between 0.3 and 1.2 m during most of the year;
bankfull depth ranged between 1.8 and 2.4 m along
most of the valley. Large sand deposits were common in
the channel. The channel bed was very active; a change
of bed elevation of 0.5 m was observed over a 1-day
period.

The river was observed to flow at bankfull stages dur-
ing the spring floods. There were no observations of
overbank flow along the river. Above the confluence
with the Loup, the Platte was an intermittent river. It
carried little water during the late summer and dried up
completely in some years. .

The Platte channels contained nine large islands and
hundreds of smaller islands; most supported timber.
Timber grew along the banks of the Platte, along the
banks of the tributary rivers, in the ravines cut in the
bluffs along the margins of the river, and in hollows on
the valley floor. Distribution of timber in the valley was
controlled primarily by availability of water. Prairie
fires and grazing buffalo probably were secondary regu-
lators of timber growth and distribution.

CHANGES IN PLATTE RIVER MORPHOLOGY

Changes in channel morphology of the Platte River
can be documented by comparison of aerial photographs
taken between 1938 and 1979. In addition, General
Land Office maps provide relatively accurate measure-
ments of river width from the 1860’s. Changes in the in-
tervening years must be inferred from hydrologic data
and records of canal and dam construction that indicate
when changes were initiated.

The development of islands in several reaches in the
study area from 1860 to 1979 is shown in figures 6
through 10; the changes are summarized in figure 11.



HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

Al6

"paIejaBoA axe seare papeYS ‘6L6T (0) Pue ‘8861 (Q) ‘0981 (B) W “M 32 *H “N 6 'L ‘9 UONes pue
“M 2% “N 0T "], ‘Tg uomoes pue “m €% "H “N 01 "L ‘9¢ Pue ‘GE ‘97 ‘GZ SUONISS Ul ‘BYSLIQON ‘Pezo)) Jeou IsATY a1eld oY) Jo [pumey)— 9 FuNOL]

I 1
¥ILIWON | 0

&
&a\\om













































HYDROLOGIC AND MORPHOLOGIC CHANGES IN CHANNELS OF PLATTE RIVER BASIN

TABLE 3.—Channel widths of the Platte River, Nebraska, in down-
stream order, measured from General Land Office maps
(1860) and aerial photographs (1938-1979)

Channel width, in meters
Grand

Year

Cozad Overton Kearney Island Duncan Ashland
1860 1,161 1,545 1,484 1,100 826 594
1938 1,015 890 1,298 704 - —
1941 — -— — — 600 515
1949 - — — — — 539
1950  -—- — — 643 543 —
1951 204 451 698  -—- — -
1955 — — — — --- 521
1957 113 460 695 664 521 -—
1959  -——- — -— — _— 533
1963 110 408 308 530  --- -—
1964 — — — -—- 448 —
1965 - — — — —- 530
1969 113 387 293 472 ——— -—
1970 -— — -— —— 424 -—=
1971 - - -— - -—= 549
1978 -—- -—- - - 411 -
1979 110 405 247 387 —~—— -—

'From 1898 edition 30’ U.S. Geological Survey topographic map (General Land Office
map incomplete).

overflow-sparingly wooded.” The description further
states, “Bed is composed of shifting sand. Total width
is 3,720 feet [1,134 m].” The same cross section, as
measured from the General Land Office maps, has a
width of 1,134 m, the same width as that given in 1902.
A photograph dated about 1910 of the bridge over the
Platte River south of Lexington shows that the river
was still wide and free of vegetation (fig. 13). A note on
the back of the photo indicates the bridge was about
1,450 m long (photograph on file at the Dawson County
Historical Society Museum). The 1938 aerial photo-
graph shows the same cross section with a width about
one-third of the width in 1860. Although the reduction
at the gage station was largely because of fill around the
bridge sections, areas of the river upstream and
downstream from the bridge show that channel narrow-
ing and island development already had occurred. Thus,
morphologic change of the Platte River at this site
began after 1910, but before 1938.

Further historical evidence for the change of the
overall character of the channel is available from
ground-level photography at several locations along the
river. For example, in the reach of the river near Cozad
and Kearney, the river has changed with time from a
broad channel with few islands (figs. 14a and 15a) to a
series of relatively narrow, well-defined channels inter-
twining among large islands (figs. 14b and 15b). Below
the confluence with the Loup River, channel change has
been far less dramatic. For example, near Ashland, a
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photograph taken in 1897 (fig. 16a) shows a broad,
vegetation-free channel. A photograph taken from
about the same location in 1982 (fig. 16b) shows that the
channel changed very little. The evidence from the
ground-level photography corroborates the at-a-station
and downstream trends of channel width evident in
figures 11 and 12.

CHANGES IN NORTH PLATTE AND
SOUTH PLATTE RIVER MORPHOLOGY

Changes of North Platte River morphology have been
similar to changes that occurred on the Platte River.
Channel width in 1965 ranged from 5 to 40 percent of
the channel width mapped in 1860 (table 4); it probably
averaged about 15 percent of the 1860 channel width
(Williams, 1978). Braiding and sinuosity (table 4) were
determined for the channel as of 1938 and as of 1965
(Williams, 1978). In general, braiding index, defined by
Williams (1978) as the sum of length of islands in a
reach divided by the length of the reach, decreased, and
sinuosity index, defined by Williams (1978) as the
length of a reach of existing channel divided by the
length of channel in the same reach in 1860, increased
for the North Platte River in Nebraska.

Morphology of the South Platte River also has
changed. Nadler (1978) found that channel width in
1952 averaged only about 15 percent of channel width in
1867. From 1867 to 1952, sinuosity of the South Platte
River increased between 5 and 15 percent. Data from in-
dividual cross sections are listed in table 5.

RELATIONSHIP OF DISCHARGE REGULATION
TO CHANNEL CHANGE

Morphologic changes of the North Platte, South
Platte, and Platte Rivers have been similar despite
significant differences in the hydrology of these three
rivers. Construction of reservoirs and diversion of
streamflow on the North Platte River have caused
reductions of annual peak flows and mean annual flows
of both the North Platte and Platte Rivers. In contrast,
there has been no reduction of peak flows on the South
Platte River upstream of Julesburg during the period of
record because of a relatively small amount of reservoir
construction. Transbasin diversions into the South
Platte River have offset diversions of water for irriga-
tion, resulting in no net change of mean annual flows
during the period of record.

Schumm (1968) attributed decrease in size of the
South Platte River channel to the decrease in the annual
peak discharge. However, a decrease in the annual peak
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discharge of the South Platte River upstream of Jules-
burg, Colorado, has not occurred during the period of
record (Kircher and Karlinger, 1981). Thus, morphologic
change apparently has occurred in response to irrigation
development in the basin prior to the period of record.
Nadler (1978) proposed that irrigation development
along the South Platte River changed the river from in-
termittent to perennial. This hydrologic change caused
a change in the vegetation that stabilized the channel.
The temporary reduction of discharge during the
drought of the 1930’s allowed vegetation to occupy and
become established in areas of channel. Subsequent
floods were not able to widen the channel, as they
presumably might have, prior to the encroachment of
vegetation.

PROCESSES OF WIDTH REDUCTION

Six sets of aerial photographs used in this report (figs.
6-10) allow documentation of channel width reductions
and the processes of width reduction. These processes
are island formation and subsquent attachment of
islands to either the flood plain or other islands. The
channel in the 1860’s was broad and open (figs. 6a and
13 near Cozad, Nebraska for example) with few vege-
tated islands, most of which were large.

By 1938, width decreased by island formation. In ad-
dition, bank locations had shifted toward the center of
the channel, as a result of island formation and attach-
ment to the flood plain. Island attachment resulted
from channel abandonment or atrophication, rather
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HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER
HYDROLOGY, PLATTE RIVER BASIN IN COLORADO, WYOMING, AND
NEBRASKA UPSTREAM FROM DUNCAN, NEBRASKA

By JAMES E. KIRCHER and MICHAEL R. KARLINGER

ABSTRACT

The North Platte and Platte Rivers in western and central
Nebraska have undergone significant changes in surface-water
hydrology since the late 19th century. The South Platte River in
Colorado and Nebraska has undergone much less change during the
same period. This report presents an analysis of the changes in
surface-water resources in the Platte River basin in Colorado,
Wyoming, and Nebraska upstream from Duncan, Nebraska, an area
of 157,700 square kilometers.

Nine stream-gaging stations in the basin were selected for
analysis of streamflow changes. Flow-duration curves, 1-, 3-, 7-,
14-, and 30-day mean low flows, and 1-, 3-, 7-, 15-, and 30-day
mean high flows were determined for all stations. Beginning about
1950, flow-duration curves for all stations, except that of the South
Platte River near Kersey, Colorado, show a change with time of the
low-flow segment of the distribution curve in a downstream direc-
tion. The analyses indicate that high flows have been relatively
unaffected by water development in the Platte River basin. Low
flows in the North Platte River increased following the closure of
Kingsley Dam during 1941. Low flows in the South Platte River at
Julesburg, Colorado, increased, beginning about 1920, and at North
Platte, Nebraska, about 1932. Statistical analyses of data from six
selected sites were performed to determine: (1) The significance of
major water developments that may have produced abrupt changes
in the time series of streamflow statistics, and (2) the significance of
water developments that caused a more gradual change or time
trend in the streamflow statistics.

INTRODUCTION

The Plate River in Nebraska is one of the most im-
portant rivers of the Great Plains, not only because of
the agricultural development within its basin, but also
because it is unique as a habitat for sevetal species of
migrating waterfowl. Among these species are the sand-
hill cranes and the whooping cranes, which require a
wide and shallow channel relatively free of vegetation
for roosting and breeding. Maintaining these channel
characteristics has caused concern in recent years
because the Platte River channel has narrowed ap-

preciably since the early 1950’s. Before measures to
prevent further narrowing can be taken, however, an
examination of the hydrologic changes, which occurred
along with the channel changes, is needed.

This report presents an appraisal of the changes in
surface-water resources of the Platte River basin. In
the appraisal, the following aspects were considered:
(1) The present use of the surface-water supplies, (2) the
historical flow characteristics of the streams, and (3)
the effects of environmental factors on streamflow.

PHYSICAL SETTING

The South Platte and North Platte Rivers originate
primarily as snowmelt streams in the Rocky Moun-
tains of Colorado. They flow across the Great Plains to
form the Platte River at their confluence at North
Platte, Nebraska (fig. 1).

The South Platte originates in the central part of Colo-
rado, flows southeastward to a point about 100 km
(kilometers) southwest of Denver, flows
northeastward, leaves the mountains about 50 km
southwest of Denver, flows through Denver, and con-
tinues northeastward to the confluence with the North
Platte River. Total drainage area of the South Platte
River is about 62,900 km? (square kilometers), and the
river is about 720 river km long (Bentall, 1975, p. 6).
The reach of the South Platte River studied extends
from Kersey, Colorado, to the confluence with the
North Platte River, a distance of about 380 river km.

From its origin in north-central Colorado, the North
Platte River flows northward into east-central Wyo-
ming near Casper, and then flows southeastward to its
confluence with the South Platte River. The North
Platte River drains about 80,000 km? and is about
1,050 river km long. The reach of the North Platte
River studied is from Lake McConaughy near
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EFFECTS OF WATER DEVELOPMENT ON SURFACE-WATER HYDROLOGY

Ogallala, Nebraska, to the confluence with the South
Platte River, a distance of about 86 river km.

The Platte River is formed at the confluence of the
North Platte and South Platte Rivers. The Platte flows
eastward through Nebraska to the Missouri River at
the eastern edge of the State. The reach of the Platte
River studied extends from North Platte to Duncan,
Nebraska, a distance of about 460 river km.

CLIMATE

Climate in the basin is affected by altitude, latitude,
and topography. The Platte River basin has a
continental-type climate, characterized by a large
range of temperature and irregular annual and
seasonal precipitation.

The mountainous region of the South Platte River
basin has long winters, significant snowfall, and a
short growing season. Precipitation varies in the
mountains according to altitude; high mountainous
areas along the Continental Divide average about
1,000 mm (millimeters) of precipitation annually.

Annual precipitation in the foothills averages about
400 to 500 mm. Snowfall constitutes a smaller percent-
age of precipitation here than in the mountains. Sum-
mer and winter temperatures in the foothills are more
moderate than in either the mountains or the plains.

The plains region just east of the foothills has low
humidity, warm summers, cold winters, and con-
siderable year-to-year variation in precipitation.
Average annual precipitation ranges from approx-
imately 300 to 460 mm. Most of the precipitation oc-
curs from April through September.

The climate of the North Platte River basin is about
the same as that for the South Platte River basin. The
climate generally can be characterized as semiarid with
large fluctuations in temperature. Annual precipita-
tion on most of the plains area ranges from 230 to 400
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mm; in mountainous areas from about 500 to 1,000
mm.

The climate of the eastern plains of Nebraska is dif-
ferent, however, from the climate of the plains nearer
the mountains. Precipitation across Nebraska is
variable both geographically and seasonally. Average
annual precipitation ranges from about 380 mm at the
western end of Nebraska to about 790 mm at the
eastern end.

Mean annual precipitation at several locations
within the basin is shown in table 1. Total annual
precipitation for each year of record for four precipita-
tion stations in the basin is shown in figures 2 through
5.

The average annual evaporation from the basin as
estimated by Meyers (1962) is tabulated in table 2. The
entire basin as of 1962 had an annual evaporation of
1,447 hm?® (cubic hectometers) (table 2). There have
been reservoirs, ponds, and canals added since 1962
that will increase this amount.

PRESENT USE OF SURFACE WATER
STORAGE RESERVOIRS

The Platte River basin has 194 reservoirs that have
useable-storage capacities greater than 0.6 hm?. These
reservoirs are listed in table 3. The combined useable-
storage capacity of the reservoirs is 8,829 hm®. In addi-
tion to the reservoirs shown in table 3, numerous small
lakes and stock ponds are scattered throughout the
study area.

TRANSMOUNTAIN DIVERSIONS

The major transmountain diversions are located in
Colorado and import water to the South Platte River.
This imported water is collected from the Colorado
River basin and the North Platte River basin and

TABLE 1.—Mean annual precipitation at selected sites

Weather Mean Period Weather Mean Period
station annual of station annual of
location® precipitation record location* precipitation record
(millimeters} (millimeters)
Pathfinder, Wyoming. . ... 253 1900-1978  Sterling, Colorado........ 377 1910-1978
Casper, Wyoming. ... ..... 347 1911-1978  Julesburg, Colorado. . .. ... 427 1888-1978
Ft. Laramie, Wyoming....349 1886-1978 Scottsbluff, Nebraska. . ... 389 1889-1978
Cheyenne, Wyoming. ... .. 367 1871-1978 North Platte, Nebraska....471 1875-1978
Denver, Colorado......... 345 1873-1978 Gothenburg, Nebraska....542 1895-1978
Greeley, Colorado. . ... .. .. 315 1888-1978 Grand Island, Nebraska...629 1890-1978
Ft. Morgan, Colorado. . . .. 335 1889-1978

*See figure 1.
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TABLE 2.—Surface-water areas of 1962 and evaporation from reservoirs, lakes, streams, and canals (from Meyers, 1962)
[hm? = square hectometers; hm® = cubic hectometers]

Principal Other lakes with
reservoirs and areas greater than Principal streams Small ponds Small streams Total for
regulated lakes 0.6 square hectometer and canals and reservoirs all classes
River basin State and
boundary Annual Annual Annual Annual Annual Annual
Effective evapo- Effective evapo- Effective evapo- Effective evapo- Eftective evapo- Effective evapo-
area ration area ration ration area ration area ration area ration
(hm?) (hm?) (hm?) (hm?) (hm?) (hm?) (hm?) (hm") (hm?) (hm?) (hm?) (hm?)
North Platte Wyoming 13,558 147 3,642 40.7 3,495 38.2 2,620 256.9 1,808 18.9 26,023 271
River Colorado 10.93 .09 0 0 69.6 .60 455 3.88 103 .87 639 5.44
Nebraska 13,986 167 0 0 9,031 107.6 12,368 147.2 627 7.32 36,012 429
Total of
N. Platte 27,664.93 314.09 3,642 40.7 12,595.6 146.4 15,343 176.98 2,538 27.09 61,674 705.44
South Platte Wyoming 25.5 .24 0 ) 0 258 2.57 307 3.16 590 6.0
River Colorado 11,999 120 91.9 .89 1,741 19.2 5,630 54.7 1,779 18.63 21,140 214
Nebraska 0 0 0 0 1,919 23.1 3,211 38.35 111 1.30 5,241 62.7
Total of S.
Platte 12,024.5 120.24 91.9 .89 3,660 42.3 8,999 95.62 2,197 23.09 26,971 282.7
Platte River Nebraska 1,856 22.6 0 0 24,819 273 8,930 99.1 5,820 64.2 41,423 459

downstream from
confluence of
North and South
Platte Rivers

diverted to the South Platte River basin for municipal,
industrial, and irrigation uses. The average annual
water diverted from western Colorado is 414 hm?®
(Gerlek, 1977). Development of conditional water
rights may yield an additional 271 to 308 hm? per year
of water from western-slope diversions.

IRRIGATION

Irrigation in the Platte River basin began during the
early 1800’s with the construction of small, wide dit-
ches to small irrigated tracts of land on the flood plain
adjacent to the river. Since that time, there have been
many reservoirs built to store water and many
elaborate canal and ditch systems built to more effi-
ciently use surface water. The earliest development oc-
curred on the Colorado and Wyoming plains where the
climate necessitated having irrigation projects store
water for use during the dry summer months.

Since the earliest irrigation projects, when only the
land next to the rivers was used for agriculture, the ir-
rigated land has increased to about 1.4 million hm (hec-
tometers) in the entire basin. The area now is irrigated
by means of direct diversions, reservoirs, and ground-
water systems, and encompasses land several
kilometers from the river.

DOMESTIC AND MUNICIPAL USES

Several cities and industrial plants within the basin
obtain water supplies from the river or from aquifers
that are recharged mainly from the river. The
municipalities continue to grow at a rapid rate,
especially along the Front Range of Colorado and coal-

rich eastern Wyoming. This growth has been accom-
panied by increased water demands.

HYDROLOGY

GENERAL

When the Platte River and its tributaries were vir-
tually unregulated, spring runoff flowed unchecked
down the mountain stream channels and onto the
plains. During the summer after the snowpack melted,
flow in these streams became very low. In the plains
many of the rivers and tributaries were ephemeral, as
most of the low flow infiltrated into the stream bed.

Today, after more than 100 years of irrigation and
water-resource development in the basin, the Platte
River and its major tributaries, the North and South
Platte Rivers, have changed from ephemeral streams
to perennial streams. Spring runoff from the moun-
tains now is diverted and stored in offstream reser-
voirs or retained by onstream reservoirs, to be used
later in the year as needed. Through irrigation, much of
the water is used on large tracts of agricultural land.
The basin water balance also has been changed further
by imported water from adjacent river basins.

The -hundreds of reservoirs and the thousands of
kilometers of unlined canals, ditches, feeders, and
laterals have large seepage losses. As a result of this
and of the irrigation practices used, the water tables
have risen over the years making the plains’ streams
effluent; in other words, they gain water from irriga-
tion return flows. These flows then are rediverted far-
ther downstream leaving the channel dry downstream
from the point of diversion. This pattern of use and
reuse extends along the length of the plains’ reaches of
the South Platte, North Platte, and Platte Rivers.
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The balance between diversions and return flows has
been affected in recent years by extensive pumping
from the riparian aquifer. This has been a serious effect
on the surface-water users who are dependent on these
ground water seeps. Therefore, the practice of irriga-
tion may have affected and overridden natural factors
that normally define the hydrology of the Platte River.

Because of these changes in the hydrology during
thelast 40 years, the Platte River channel has decreased
in cross sectional area and theisland areas has increased
(figs. 6-9). As a result, the channel has undergone con-
siderable narrowing (fig. 10). Measurements made
from aerial photographs were used in developing
figures 6 through 10. These changes in the Platte River
have caused concern among wildlife managers in-
terested in maintaining a suitable habitat for the
thousands of migrating waterfowl that use the Platte
in central Nebraska. The reach of river concern extends
from Lexington, Nebraska, to near Grand Island,
Nebraska. This reach will be referred to throughout the
remainder of the report as the critical habitat reach.

One of the potential consequences of the hydrologic
changes is a change in vegetation growth along and
within the river channel. If channel bars are exposed
for a sufficient period of time, vegetation may become
established, causing island formation and channel nar-
rowing. Currier and Van Der Valk (1980) found that
cottonwood and willow seeds begin falling about mid-
May and continue to fall through mid-July. They state
that after germination these seedlings could be viable
until the end of August. If seed germination and seed-
ling establishment is to occur, mud flats with signifi-
cant soil moisture would have to be exposed for at least
1 to 2 weeks. Therefore, the investigation of hydrologic
changes require special attention to the period from
mid-May to the end of August, defined as the critical
growth period for vegetation.

SITE SELECTION

Nine sites along the North Platte, South Platte, and
Platte Rivers were chosen for evaluation of flow
changes. These sites are listed in table 4. Flow-
duration curves and average 1-, 3-, 7-, 15-, and
30-day mean high and 1-, 3-, 7-, 14—, and 30-day
mean low flows were defined for all sites. For six of the
nine sites, statistical analyses were performed on the
records of annual mean flow and annual peak
discharge. The six sites chosen were the North Platte
River at North Platte, Nebraska; the South Platte
River near Kersey, Colorado; the South Platte River
near Julesburg, Colorado; the South Platte River at
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North Platte, Nebraska; the Platte River near Over-
ton, Nebraska; and the Platte River near Grand Island,
Nebraska. These sites were chosen because the spatial
and temporal coverage of flow data best represents the
hydrology in the critical reach, as well as the reaches of
the North Platte and South Platte Rivers that show
the effect of the extensive development along these
rivers that have had an effect on the critical reach. The
results of the statistical analyses will be discussed
later in the report.

FLOW-DURATION CURVES

Flow-duration curves for 10-year intervals within
the period of record at each of the nine selected sta-
tions, which show the percentage of time that water
discharges of various magnitude have been equaled or
exceeded, are presented in figures 11 through 19. The
flow-duration curves shown illustrate the progression
of hydrologic change that has occurred within the
basin. Although flow-duration curves for longer
periods of record may have less time variability, it was
believed that the longer-period flow duration curves
might mask the nature of progressive change in the
flow characteristics. For a discussion of defining the
period or periods selected for computation of flow
duration for a given station, see Riggs (1972).

The only station showing any major change in the
upper end of the flow-duration is the North Platte
River at North Platte (fig. 11). All the 10-year periods
following the 1931-39 period were smaller in
magnitude and had a flatter slope except for 1970-79,
which had several years of very high flow that may
have caused the increase. This flattening indicates a
decrease in the magnitude of high flows resulting from
flow regulation occurring along the North Platte
River. The remainder of the stations show very little
change in the high flow section of the flow-duration
curves, indicating no or very little change in the high
flows.

The South Platte River near Kersey, Colorado, is the
only station that shows very little change in the entire
flow-duration curve sequence. This can be attributed
partly to an increase in transmountain diversions of
surface water. These diversions have been used to meet
1980 municipal, industrial, and agricultural demands
thereby resulting in very little change in the native
water supply. As water use continues to increase along
the Front Range, however, the flow characteristics for
the Kersey station also may change.

The changes in the flow-duration curve sequences
are indicative of the reduction in flow variability as one
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TABLE 3.—Reservoirs with capacities greater TABLE 3.—Reservoirs with capacities greater than

than 0.6 cubic hectometer 0.6 cubic hectometer—Continued

RIVER BASIN RESERVOIR NAME RESERVOiR CAPACITY RIVER BASIN RESERVOIR NAME RESERVOIR CAPACITY
(CUBIC HECTOMETERS) (CUBIC HECTOMETERS)

NORTH PLATTE ALCOVA RESERVOIR 233,0 NORTH PLATTE SEYMOUR 0.6
NORTH PLATTE AQUA FRIA 0,9 NORTH PLATTE SIRNARD RESERVOIR: 1.9
NORTH PLATTE ARNOLD RESERVOIR leé NORTH PLATTE SOUTH SPRINGS CREEK RESERVOIR 0.8
NORTH PLATTE BATIS RESERVOIR 3.8 NORTH PLATTE SPECTACLE LAKE 1.8
NORTH PLATTE BENNETT RESERVOIR le2 NORTH PLATTE TURPIN PEAK RESERVOIR 1.6
NORTH PLATTE BIG CREEK 8.5 NORTH PLATTE UPPER VAN TASSEL RESERVOIR 2.3
NORTH PLATTE BOETTCHER 0.8 NORTH PLATTE UPPER ROCK CREEK 3,5
NORTH PLATTE BOSLER 240 NORTH PLATTE WALDEN RESERVOIR NO 1 LTY)
NORTH PLATTE BUCKLIN 0.9 NORTH PLATTE WALDEN RESERVOIR NO 2 0.9
NORTH PLATTE BUTTE 1.2 NORTH PLATTE WHR RESERVOIR NO 1 1.1
NORTH PLATTE CARLSTROM 0.8 NORTH PLATTE WHR RESERVOIR NO 1 1e1
NORTH PLATTE CARROL LAKE RESERVOIR 0.7 NORTH PLATTE WILLOW CREEK RESERVOIR 0.9
NORTH PLATTE CASE BIER 1.8 NORTH PLATTE WYOMING DEVELOPMENT CO, RESERVOIR NO 1 18.9
NORTH PLATTE CAVENDAR 0.7 NORTH PLATTE WYOMING DEVELPMENT CO, RESERVOIR NO. 2 121.2
NORTH PLATTE COALMONT 39,1 SOUTH PLATTE AGATE 12.9
NORTH PLATTE COW CREEK LAKE RESERVOIR 0e6 SOUTH PLATTE ALBION LAKE 1.3
NORTH PLATTE CRYSTAL LAKE B b SOUTH PLATTE &LTYRA (DUCK LAKE) Se4
NORTH PLATTE DARCY 0.9 SOUTH PLATTE ANTERO 19.6
NORTH PLATTE DENTION DAM Be2 0.8 SOUTH PLATTE BADGER 12,2
NORTH PLATTE OUTTON CREEK RESERVOIR 3.2 SOUTH PLATTE BARKER MEADOWS 15.0
NORTH PLATTE GLENDO RESERVOIR 980,.5 SOUTH PLATTE BARR LAKE 39,6
NORTH PLATTE GLOWMILL RESERVOIR 1.0 SOUTH PLATTE BASE LINE RESERVOIR 6.5
NORTH PLATTE GOSHEN HOLE 6,1 SOUTH PLATTE BILLINGSs ARBUCKLE 1.2
NORTH PLATTE GOSHEN NO, 2 RESERVOIR 1.1 SOUTH PLATTE BOOTLEG Teb
NORTH PLATTE GRANITE SPRINGS 91 SOUTH PLATTE BOULOER 21,5
NORTH PLATTE GRAY REEF 2.2 SOUTH PLATTE BOULOER 9o
NORTH PLATTE GUERNSEY RESERVOIR 55,8 SOUTH PLATTE BUTTON ROCK 19.1
NORTH PLATTE HAMILTON RESERVOIR 1.2 SOUTH PLATTE CABIN CREEK 2.3
NORTH PLATTE HAWK SPRINGS 2046 SOUTH PLATTE CASTLEWO0D 4o
NORTH PLATTE HOG PARK 3.8 SOUTH PLATTE CHERRY CREEK 303.4
NORTH PLATTE HUGHES RESERVOIR 0.8 SOUTH PLATTE CLARK COUNTY NO, 2 le6
NORTH PLATTE HUTTON LAKE 3.1 SOUTH PLATTE CLOVER BASIN 0.7
NORTH PLATTE HYANNIS 246 SOUTH PLATTE COALBANK WATERSHED 246
NORTH PLATTE Je FRANK WALKER 0.7 SOUTH PLATTE DeAs LORD NOo & 4¢3
NORTH PLATTE KING NO, 1 2.7 SOUTH PLATTE ELEVENMILE CANYON: 120.6
NORTH PLATTE KORTESRESERVOIR 5.7 SOUTH PLATTE EMPIRE: 46,5
NORTH PLATTE LA PRELE RESERVOIR 2.5 SOUTH PLATTE ENGLEWOOD Tet
NORTH PLATTE LAKE OWEN BERG 1.7 SOUTH PLATTE FALL RIVER RESERVOIR 1.1
NORTH PLATTE LAKE JOHN 8.0 SOUTH PLATTE FOOTHILLS 542
NORTH PLATTE LAKE HATTIE 8445 SOUTH PLATTE FRANKTOWN PARKER 0.8
NORTH PLATTE LAKE ALICE 14,1 SOUTH PLATTE GEORGETOWN 0.9
NORTH PLATTE LAKE MINATARE 7647 SOUTH PLATTE GOLD LAKE RESERVOIR 1.7
NORTH PLATTE LAKE MCCONAUGHY 2401,.9 SOUTH PLATTE GROSS RESERVOIR $3.1
NORTH PLATTE LAKE OGALLALA 16,0 SOUTH PLATTE HAYDEN 046
NORTH PLATTE LAUNE 3.7 SOUTH PLATTE HIDDEN LAKE 440
NORTH PLATTE LEE'S RESERVOIR 0.6 SOUTH PLATTE MIGHLAND NO, 2 [
NORTH PLATTE MCFARLANE 840 SOUTH PLATTE HILLCREST 242
NORTH PLATTE MEADOW CREEK 6,2 SOUTH PLATTE HORSE CREEK 3642
NORTH PLATTE NORTH SPRING CREEK RESERVOIR 0.9 SOUTH PLATTE HUDSON 1446
NORTH PLATTE NORTH MICHIGAN 1.6 SOUTH PLATTE JACKSON LAKE 44,0
NORTH PLATTE OLIVE RESERVOIR 9.2 SOUTH PLATTE JULESBURG RESERVOIR 3447
NORTH PLATTE PATHF INDER RESERVOIR 1319,3 SOUTH PLATTE JUMBO RESERVOIR 3.1
NORTH PLATTE PIERCE RESERVOIR 4,0 SOUTH PLATTE KENWOOD 12.3
NORTH PLATTE PINE RIDGE 247 SOUTH PLATTE KI0wWaA 10.3
NORTH PLATTE POLARIS RESERVOIR 0.7 SOUTH PLATTE KLUG NO, 3 0.9
NORTH PLATTE POLE MOUNTAIN 2.3 SOUTH PLATTE LAKE CHEESMAN 97.5
NORTH PLATTE RAINER RESERVOIR 0.7 SOUTH PLATTE LAKE MALONEY Ted
NORTH PLATTE RAWLINS RESERVOIR 0.8 SOUTH PLATTE LEFT MAND VALLEY 13,0
NORTH PLATTE ROLE ROY 11.0 SOUTH PLATTE LEFT HAND PARK 1.9
NORTH PLATTE SABIN 3.9 SOUTH PLATTE LEGGET 1.2
NORTH PLATTE SADDLEBACK RESERVOIR 08 SOUTH PLATTE LIDDERDALE LAKE 0.9
NORTH PLATTE SAGE CREEK RESERVOIR 0e7 SOUTH PLATTE LOCH LOMAND 10.8
NORTH PLATTE SAND LAKE le6 SOUTH PLATTE LOST PARK 5646
NORTH PLATTE SARATOGA RESERVOIR 1.0 SOUTH PLATTE LOVELLA 8.3
NORTH PLATTE SEMINCE 1246,3 SOUTH PLATTE LOWER LATHAM 7.1
NORTH PLATTE SEPERATION LAKE RESERVOIR 0.7 SOUTH PLATTE MARSHALL LAKE 12.9
progresses downstream. The North Platte River at | voirs that maintain streamflow during low-flow
North Platte, Nebraska, the South Platte River at | periods. The period of record for the Platte River near
Julesburg, Colorado, and North Platte, Nebraska, and | Cozad, Nebraska, is too short to detect any obvious
the Platte River near Overton, Nebraska, show a flat- | flattening of the flow-duration curves from those prior
tening in the lower end of flow-duration curves begin- | to 1940. The flow-duration curves for the gaging sta-
ning about 1950 and continuing to 1979. This flatten- | tions at Platte River near Odessa, Grand Island, and
ing usually is due to an increase of inflows caused by | Duncan, Nebraska, are progressively flattening at the
irrigation return flows or controlled release from reser- | low-flow end. Changes in the shapes of the flow-
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TABLE 3.—Reservoirs with capacities greater than
0.6 cubic hectometer—Continued

RIVER RASIN RESFRVOIR CAPACITY
{CURIC HECTOMETERS)

SOUTH PLATTE MCINTIRF NO. I 1ol
SOUTH PLATTE MESA 1.2
SOUTH PLATTE MILTON LAKE 53.2
SOUTH PLATTE MONTGOMERY 643
SOUTH PLATTE NOONAN NO, 2 3.3
SOUTH PLATTE NORTH STERLING 91,2
SOUTH PLATTE OLIVER 9.2
SOUTH PLATTE PANAMA 0.8
SOUTH PLATTE PANHANDLF 1.3
SO'TH PLATTE PARK CRFEK DAM 9.1
SOUTH PLATTE PETFRSOM LAKE 1.1
SOUTH PLATTE PETERSON | AKE 1.5
SOUTH PLATTE PLATTE CANYON 1.2
SOUTH PLATTE PLEASANT VALLEY 3.1
SOUTH PLATTE POINT OF RNCK 99,4
SOUTH PLATTE PREWITT 4041
SOUTH PLATTE PROSPECT 94
SOUTH PLATTE QUINCY 3.5
SOUTH PLATTE RATTLESNAKE 247
SOUTH PLATTE RESERVOTR NO. 2?7 51.7
SHUTH PLATTE RESFRVOIR 0. 8 13.0
SOUTH PLATTE RESFRVOIR N0, 4 1.6
SOUTH PLATTE RIVFRSINF 70.9
SOUTH PLATTE SHEFP CREEK 247
SOUTH PLATTE SIX MILF 13,4
SOUTH PLATTE SILVER LaKE 4.9
SOUTH PLATTE SOUTH GRAY 1.4
SOUTH PLATTE SUTHERLAND RESFRVOIR 949
SOQUTH PLATTE TARRYALL 1642
SOUTH PLATTE TERMINAL 4.2
SOUTH BLATTE TERRY LAKF 10.0
SOUTH PLATYE TIMNATH 12.5
SOUTH PLATTE TWIN LAKES 21.1
SOUTH PLATTE UNINN 15.7
SOUTH PLATTE UPPFR URAD 0.9
SOUTH PLATTE VALMONT 17.2
SOUTH PLATTE WARREN | AKE 2.8
SOUTH PLATTE WASSON 1.0
SOUTH PLATTE WATER SUPPLY NO, 4 1.2
SOUTH PLATTE WATER SUPPLY NO, 3 5.9
SOUTH PILATTE WILD HORSF 1.0
SOUTH PLATTE WILLAMS MCCREERY 21.7
SOUTH PLATTE WINDSOR 19.3
SOUTH PLATTE WORSTER (EATON) 245
PLATTF BLUE STEM 3.7
PLATTF BRANCHEN nNAK 32.0
PLATTE CONESTOGA 3.2
PLATTF ERICSON 2.0
PLATTE GALLAGER CANYON LaAKE 3.7
PLATTE HOLMES LAKE 1.5
PLAYTE JEFFERY RESERVOIR 14,2
PLATTE JOHNSON RESERVOTR 6646
PLATTFE LAKE BARCOCK ANN |AKE NORTH 545
PLATTE MIDWAY CANYONS LAKE SYSTEM 11.6
PLATTE OLIVE CREEK 1.8
PLATTE PAWNEE 10.5
PLATTE PLUM CREEK LAKE 5.7
PLATTE SHERMAN RESFRVOTRQ 85,2
PLATTF STAGE COACH 2.4
PLATTE TWIN LAKES 3.5
PLATTF WAGON TRAIN 3.1
PLATTE YANKEE HWILL 245
TOTAL RESERVOIRS = 194 TOTAL CAPACITY = B8820.,4

duration curves can be related to the channel width
and area changes already shown in figures 6 through
10.

It should be emphasized that a distinction be made
between change in shape of flow-duration curves and
shift in flow-duration curves for different periods of
record. A change in the shape of a flow-duration curve
indicates change in the characteristics of flow distribu-
tion. This is the basis of the preceding analysis. A shift

B9

in a flow-duration curve, however, indicates a change
in flow volume, but not distribution shape. A change in
shape from 1940-49 to 1950-59 and a change in
volume from 1960-69 to 1970-79 are shown in figure
16.

Further interpretation of the flow-duration curves
may be made using periods of records longer than 10
years. Again using figure 16 as an illustration, an
analysis could have been made using two periods,
1931-49 and 1950-79. It is apparent that the resulting
flow-duration curves would lie somewhere between the
respective 10-year period curves as plotted. The
resulting two curves would allow one to relate the
changes in water use and environmental factors to flow
characteristics between the two periods.

HIGH FLOWS

High flows, as used in this section, are defined as the
largest mean flows occurring for durations of 1, 3, 7,
15, or 30 consecutive days for any given year. Changes
in the mean high flows in the study reach are presented
in figures 20 through 28. The North Platte River at
North Platte, Nebraska, shows a general decrease in
the high mean flows coinciding with the establishment
of Lake McConaughy during 1941. During 1971 and
1973, however, a wunique combination of large
holdovers in the reservoirs and large inflows into the
reservoirs, because of rapid snowmelt along with
simultaneous heavy rains on the Nebraska part of the
drainage basin, resulted in higher than normal releases
from the reservoir (Shaffer, 1976). The two peaks on
the high-flow graphs are not believed to indicate a sus-
tained upward trend in mean high flows. This also was
shown in the flow-duration curves with a flattening of
the curves. The remainder of the stations, however,
show little change in high flows.

LOW FLOWS

Low flows, as used in this section, are defined as the
smallest mean flows occurring for durations of 1, 3, 7,
14, or 30 consecutive days for any given year. The 1-,
3-, 7-, 14—, and 30-day low flows for each of the nine
stations are presented in figures 29 through 37. The
North Platte River at North Platte, the South Platte
River at North Platte, and the Platte River near Cozad
and Overton, show an increase in the minimum level of
low flows since about 1940, while the South Platte
River at Julesburg, Colorado, shows an increase, start-
ing about 1920. The South Platte River near Kersey,
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FIGURE 6.—Change in channel area and island area near Cozad, Nebraska.

1000 T T ¥ T ¥
/*\
%00 | /*-\*/* » ~
800 -
(723
& 700 Isiand area ]
= [’ "
w
3
- 600 -
(3)
w
I
& 500 b %
§ +. Channel area
v 400 + -
£
= 300 |- .y
b4
Pty ¥
200 - —— -1
100 |- -
0 L 'S 1 L 1
1920 1930 1940 1950 1960 1970 1980

FiGURE 7.—Change in channel area and island area near Overton, Nebraska.
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FiGURE 9.—Change in channel area and island area near Duncan, Nebraska.
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TABLE 4.—Streamflow characteristics of primary data sites
[km? = square kilometers; m*s = cubic meters per second]
Period of Drainage Mean annual
Station name Station streamflow record area discharge
number (water years) (km?) (m®s)
North Platte River at 06693000 1895-1979 80,000 23.5
North Platte, Nebraska.
South Platte River near 06754000 1902-03, 1905-79 24,859 22
Kersey, Colorado.
South Platte River near 06764000 1903-06, 1909-12, 1914-21, 59,927 13.5
Julesburg, Colorado. 1925-79
South Platte River at 06765500 1897, 1914-15, 1917-79 62,900 9.5
North Platte, Nebraska.
Platte River near Cozad, 06766500 1932, 1937-79 146,300 14.2
Nebraska.
Platte River near Overton, 06768000 1915-79 149,400 39
Nebraska.
Platte River near Odessa, 06770000 1937-79 150,500 35.9
Nebraska.
Platte River near Grand 06770500 1934-79 152,300 35.6
Island, Nebraska.
Platte River near Duncan, 06774000 1895-1910, 1910-11, 157,700 41.2

Nebraska.

1912-15, 1928-79

Colorado, shows no change in low flows. The Platte

River near Odessa,

tions.

Grand Island, and Duncan,
Nebraska, shows a slight increase in low flows, but the
change is not as pronounced as at the upstream sta-

STATISTICAL ANALYSES

Statistical analyses were performed on annual mean
flow and peak flow for the previously mentioned six

sites to make the following determinations:
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FIGURE 12.—Selected flow-duration curves at Station 06754000, South Platte River near Kersey, Colorado
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FIGURE 13.—Selected flow-duration curves at Station 06764000, South Platte River at Julesburg, Colorado (water years 1903-79).
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FIGURE 14.—Selected flow-duration curves at Station 06765500, South Platte River at North Platte, Nebraska (water years 1932-79).
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F1GURE 15.—Selected flow-duration curves at Station 06766500, Platte River near Cozad, Nebraska (water years 1941-79).
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F1GURE 16.—Selected flow-duration curves at Station 06768000, Platte River near Overton, Nebraska (water years 1931-79).
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FIGURE 17.—Selected flow-duration curves at Station 06770000, Platte River Near Odessa, Nebraska (water years 1940-79).
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FIGURE 18.—Selected flow-duration curves at Station 06770500, Platte River near Grand Island, Nebraska (water years 1935-79).
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FIGURE 19.—Selected flow-duration curves at Station 06774000, Platte River near Duncan, Nebraska (water years 1930-79).

1. The significance of major developments along the
rivers that would cause abrupt changes in the time
series of annual mean flow and annual peak flow and,

2. The significance of developments that would show a
more gradual change or time trend in annual peak
flow and annual mean flow.

The only major development along the Platte River
system that was suspected to cause a drastic modifica-
tion in the time series of the flow statistic was the con-
struction of Kingsley Dam and subsequent formation
of Lake McConaughy. Construction of coffer dams,
diversions, and off-stream storage for Kingsley Dam
was begun about 1935 (Shaffer, 1976), so the period of
record for all sites was divided into two time frames,
when available, of pre-1935 and post-1935. Water
year 1935 was included in the post-1935 time frame.

The significance of any major development causing
abrupt changes in the time series of the flow variables,
was determined by an analysis of covariance (Riggs,
1969; Kleinbaum and Kupper, 1978). In this analysis,
logarithms of the flow variable were regressed against
time with dummy variables as additional independent
variables. The dummy variable was given a value of 1
for the pre-1935 period and a value of 0 for the
post-1935 period. If the partial F-statistics of the
regression indicated that the inclusion of the dummy

variables was statistically significant to the regres-
sion, then the regression was analyzed considering the
separate periods for time trend analyses. The level of
significance used was the 5-percent level.

The trend analysis was performed to determine any
gradual change of the flow variable with time. The
trend analysis was simply a regression of the
logarithm of the flow variable against time, for either
the total period or for each individual period. Whether
one or two time periods were analyzed was determined
from the results of the analysis of covariance. If the
hypothesis that the construction of Kingsley Dam had
no effect on the respective flow variable is not rejected
(corresponding to the F-statistics of the analysis of
covariance being insignificant at the 5-percent level),
then a single trend line would be obtained for the entire
period of record. If, however, this same hypothesis is
rejected then a trend line would be determined for the
period before 1935 in addition to one for the period
after 1935.

It is important to note that the determination of the
trends is made only for comparative purposes, and not
for estimations of the particular flow variable to be
made at any site. A statistical summary of the
covariance analyses is shown in table 5. The values in
the table are applicable only for comparing the signifi-
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FIGURE 20.—Mean 1-, 3-, 7-, 15-, and 30-day high flows at Station 06693000, North Platte River at North Platte, Nebraska
(water years 1931-79).

cant changes in hydrology between sites or between
periods or to notice any overall trend in flow variables
for any site.

MEAN FLOWS

Annual mean flows for the six sites are shown in
figures 38 through 43. The North Platte River at North
Platte, Nebraska (fig. 38), had a decrease in annual
mean flows during the mid-1930’s. From the analysis

of covariance results of table 5, it can be seen that

there is a definite shift in the time series for mean flows
in the North Platte around 1935. The large F-statistic
indicates that a model of mean flow versus time should
be broken into the pre-1935 and post-1935 time
periods. However, the slope for each time period is not
significantly different from zero; therefore, there was
no significant trend in mean flow at this station during
the period before 1935 or during the period after 1935.
Because regressions of mean discharge versus time for
the pre- and post-1935 periods show no change in
mean flow with time for each period, an alternative
test for indicating the difference in the respective
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populations would be a simple t-test on the means for
each period.

The South Platte River stations (figs. 39 through 41)
indicate very little change in the annual mean flow
with time, even with the extensive development
upstream. The absence of change indicated by visual
inspection of the records from the South Platte River
stations is verified by the analysis of covariance. The
F-statistics indicate that there has been no statistical-
ly significant shift in logarithms of mean flows be-
tween the two periods, and the total period t-statistics

on the regression slope parameter indicate that there
was no significant trend over the entire period.

The annual mean flows for the Platte River near
Overton (fig. 42) decreased abruptly during the
mid-1930’s. The statistical results of table 5 support
this significant trend by indicating that a regression
model of the logarithms of mean flow versus time for
Overton need to be divided into the two specified
periods. Slope parameters of the individual regressions
are not significantly different from zero.

The logarithms of the mean flows for the Platte
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River near Grand Island (fig. 43) show an increasing
trend for the entire period of record, which began after
1935. This increase probably was unduly affected by
the high flow water years 1971-74.

Monthly mean flows for the period of record for
April through September are shown in figures 44
through 47. These months were chosen because they
encompass the critical growth period for vegetation as
defined by the U.S. Fish and Wildlife Service. The
months also include the major runoff period and irriga-
tion season. Only four stations were used in this
analysis to show the changes on the North Platte

River, South Platte River, and the Platte River in and
near the critical reach.

The monthly mean flows during July and August for
the North Platte River (fig. 44) indicate a marked in-
crease beginning about 1945. These are two of the peak
irrigation months and the increases are the result of
releases from Lake McConaughy. April and May are
the months of spring runoff and the North Platte River
at North Platte shows a decrease in these flows follow-
ing the construction of Lake McConaughy, which now
holds back the higher flows.

The South Platte River at North Platte (fig. 45) had
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little change in the monthly mean flows. The records
for the Platte River near Overton and Grand Island
(figs. 46 and 47) do not indicate the large change that
occurred in the North Platte River, but do show a
small increase in the monthly mean flows during July
and August. The change in monthly mean flows
possibly is damped out by the South Platte River,
which has had little change in the mean flows.

INSTANTANEOUS PEAK FLOWS

The yearly instantaneous peak flows for six stations

in the study reach are given in figures 48 through 53.

The North Platte River at North Platte (fig. 48) in-
dicates the largest change in peak flows of the six sta-
tions; this is most likely a result of the on-stream con-
struction of Kingsley Dam, which holds back the peak
flows that once continued downstream. The statistical
analysis (table 6) indicates that a regression model of
the logarithms of annual peak flow versus time needs
to be divided into two models corresponding to
pre-1935 and post-1935 time periods. This first model
indicates a decrease in peak flows to 1935; following
1935 there is no significant change in the peak flows
with time.
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For the South Platte River near Kersey, Colorado,
and the South Platte River at Julesburg, Colorado, the
regression results indicate no shift in time series for
the logarithms of peak flows as well as no significant
trend with time. The F-test for the South Platte River
at North Platte (fig. 51) indicates a homogeneity in the
data set for the entire period, and there is a gradual
decrease in annual peak flows throughout the entire
period of record. The 1935 data point may have an inor-
dinate effect on the trend of the regression.

The Platte River near Overton (fig. 52) indicates a
single regression of the logarithms of annual peak flow
versus time with a negative trend for the period of
record, while statistically the 1935-present data set of

peak flows at Grand Island (fig. 53) shows no ap-
preciable trend. The similarity of the peak flows at
Overton compared to the South Platte River near
North Platte, shown by both statistical results and
visual inspection, is indicative of the important con-
tribution of the South Platte peak flows to the Platte
River major peak flows. The overlaid plots of peak
flows for the South Platte River at North Platte,
Nebraska, and the Platte River near Overton,
Nebraska, are shown in figure 54. This is substantiated
by Williams (1978) who stated that the North Platte
River upstream from Lake McConaughy showed a
decrease in peak flow after the construction of each of
the major reservoirs in Wyoming, and the Platte River
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near Grand Island, Nebraska, shows similarity of
peak-flow occurrences (fig. 54).

In order to illustrate the effect of the peak flows and
mean flows of the South Platte and North Platte
Rivers on the peak flows and mean flows for the Platte
River near Overton, regression analyses were ‘per-
formed relating the logarithms of these flow Variables,
and the results are listed in table 7. Because the time-
trend analyses previously discussed for both peak and
mean flows of the North Platte River at North Platte
indicate that two separate time periods need to be con-
sidered in making statistical determinations regarding
this site, the interstation regressions were performed
for each time period.

The difference in the magnitudes of the slope coeffi-
cients of the respective North Platte River and South
Platte River flow variables are not legitimate
measures of the relative importance of one indepen-
dent variable compared to another in affecting the flow
variables at Overton. This is true because the size of a
coefficient would change as a result of merely changing
the scale of the measurements of the variable.
However, by adjusting the ordinary least-squares
regression-slope coefficient estimates by the ratio of
the standard deviations of the independent and depen-
dent variables, an objective measure of importance of
the independent variables can be determined. These
adjusted coefficients are called ‘‘beta coefficients”

B23
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(Goldberger, 1964). The beta coefficients calculated
from the slope coefficients in table 7 are listed in table
8.
The pre-1935 beta coefficients from table 8 indicate
that the mean flow variable from the North Platte
River at North Platte is the more important con-
tributor to the mean flow variable at Overton. Similar-
ly, the pre-1935 peak flow variable beta coefficients
show the North Platte River peaks to be slightly more
dominant then the peak flow variable from the South
Platte River in affecting the peak flow variable at

Overton. However, the post-1935 beta coefficient from

the mean flow analysis indicate that the South Platte
River has equalized its effect on the mean flow variable
at Overton relative to the North Platte River’s effect.
The regression analysis of the post-1935 peak flow
variable shows that the roles of the more important
contributor for this flow variable have reversed. This
role reversal can be explained by the fact that the
South Platte peak flows account for the majority of the
significant peaks at Overton. Although the North
Platte River is a major contributor to most annual
peak flows at Overton, most large peaks are derived
from the South Platte basin.
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SUMMARY

Flow in the Platte River basin is affected by tgans-
mountain diversions in the headwaters, dams that
create on-stream reservoirs, structures that divert
water to off-stream reservoirs, ground-water pumpage
from lands bordering rivers, return of water to chan-
nels from irrigation and hydropower releases, possible
gain or loss of water by seepage, water demands of an
increasing population, and the requirements of more

vegetation that now grows in the river valley. These ef-

fects of man in the Platte River basin are the most
logical explanation for the observed changes in flow.

Changes in surface-water hydrology and channel size
have occurred at different times throughout the basin.
The hydrologic changes are identified by shifts in
levels of low flows and high flows, and the flattening of
flow-duration curves. These changes also are il-
lustrated in the time series of annual mean and peak
flows. Changes in channel morphology are exhibited in
the plots of width and area of the Platte River channels
through time.

The hydrologic and channel changes have occurred
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in such a manner that the upstream reaches were af-
fected earliest in the period of record. Observing the
10-year flow-duration curves and low flows at the sites
studied indicate the stations upstream of the Platte
River near Overton are maintaining relative stability,
while those sites downstream of Overton still are ad-
justing to the changes in the hydrologic system
upstream. This relative stability reached at each of the
sites is as follows: The North Platte River at North
Platte, Nebraska, about 1941; the South Platte River
at Julesburg, Colorado, about 1920; the South Platte
River at North Platte, Nebraska, about 1937; and the
Platte River near Cozad and Overton, Nebraska, about

1950. The Platte River near Odessa, Grand Island, and
Duncan, Nebraska, still is adjusting toward stability,
while the South Platte River near Kersey, Colorado,
has not shown any significant change for the period of
record investigated. Therefore, in hydrologic analysis,
caution needs to be taken in defining the period of
record used because of the changing hydrologic
system.

At each site, statistical analyses were performed on
records prior to and following the construction of
Kingsley Dam, to determine the effect on the peak and
annual mean flows. The South Platte River in Colorado
shows no trend in either the peak or annual mean
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TABLE 5.—Summary of regression and covariance analysis for the logarithms of annual mean flows

Pre-1935 population Post-1935 population Total record
Site F-statistic Number of regression
equation Slope t-statistic  Slope t-statistic  Slope t-statistic

North Platte River at

North Platte, Nebraska. . . ... 73.9* 2 —0.006 -1.13 0.000 003 — -
South Platte River near

Kersey, Colorado............ 2.26 1 —.005 - .015 —  0.003 0.85
South Platte River at

Julesburg, Colorado.......... 1.28 1 -.006 - .011 — —.001 —.26
South Platte River at

North Platte, Nebraska. . .. ... 2.50 1 —.064 - .003 -  —.006 —1.16
Platte River near

Overton, Nebraska..:....... 20.2* 2 -.031 —1.82 .010 199 — -
Platte River near

Grand Island, Nebraska........ - 1 - - .013 - .013 2.30*

*Indicates statistic is significant at the 5-percent level.

TABLE 6.—Summary of regression and covariance analysis for the logarithms of annual peak flows

Pre-1936 population Post-1936 population Total record
Site F-gtatistic Number of regression
equation Slope t-statistic  Slope t-statistic  Slope t-statistic

North Platte River at

North Platte, Nebraska. . . .. 156.4* 2 -0,021 —3.15* 0.001 024 — -
South Platte River near

Kersey, Colorado........... 0.570 1 —.004 — .016 —  0.007 1.63
South Platte River at

Julesburg, Colorado.......... 2.40 1 -.010 - .004 - -.004 —.62
South Platte River at

North Platte, Nebraska. .. .... 1.31 1 —.067 - 077 -  -.018 —2.22*
Platte River near

Overton, Nebraska........... 1.93 1 —.037 - -.007 - -.019 —4.23*
Platte River near

Grand Island, Nebraska........ - 1 - —  -.007 - =007 —.99

*Indicates statistic is significant at the 5-percent level.

TABLE 7.—Summary of regression results relating the logarithms of mean annual and peak flows of the South Platte River and North Platte
River to the logarithms of mean annual and peak flows of the Platte River.

Variable

Slope regression
coefficient

t-statistic*

Slope regression
coefficient t-statistic*

Pre-1935

Post-1935

Logarithms of mean flow
Platte River near
Overton, Nebraska.

Logarithms of peak flow
Platte River near
Overton, Nebraska.

Logarithms of mean flow
Platte River near
Overton, Nebraska.

Logarithms of peak flow
Platte River near
Overton, Nebraska.

0.984

674

725

.288

7.99

5.17

7.09

2.07

0.

166 2.85

.260 4.45

.376 6.57

.363 6.88

*All ¢ values are significant at the 5 percent level.
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TABLE 8.—Summary of beta coefficients relating the logarithms of
mean annual and peak flows of the North Platte River and South
Platte River to the logarithms of mean annual and peak flows of the
Platte River

Beta Beta
Variable coefficient, coefficient
(North Platte) (South Platte)
Pre- Logarithms of mean flow
1935 Platte River near
Overton, Nebraska. 0.756 0.269
Logarithms of peak flow
Platte River near
Overton, Nebraska. .576 .495
Post-  Logarithms of mean flow
1935 Platte River near
Overton, Nebraska. 571 529
Logarithms of peak flow
Platte River near
Overton, Nebraska. 211 702

flows. The South Platte River at North Platte,
Nebraska, shows no trend in annual mean flows, but a
decrease in peak flows for the period of record. The
North Platte River at North Platte, Nebraska, and the
Platte River near Overton, Nebraska, show a decrease
in both the peak and annual mean flows, while the
Platte River near Grand Island, Nebraska, shows no
trend in the peak flows, but a slight increase in annual
mean flows.
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(water years 1931-79).
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HYDRAULIC GEOMETRY OF THE PLATTE RIVER NEAR OVERTON,
SOUTH-CENTRAL NEBRASKA

By THOMAS R. ESCHNER

ABSTRACT

At-a-station hydraulicgeometry relations were computed for a
reach of the Platte River in south-central Nebraska containing
habitat for sandhill and whooping cranes. The range of exponents of
log-linear relations is large between different reaches of the river, and
among different sections within a given reach. In general, simple
linear regression of the logarithins of width, depth, and velocity on
the logarithm of discharge yielded large proportionate reductions in
the variances of the dependent variables. Examination of plots of the
data indicates that, in many instances, the relations are log-linear, or
power functions (Leopold and Maddock, 1953).

Use of the b-fm diagram, a graphical representation of at-a-station
hydraulic-geometry exponents (Rhodes, 1977), allows responses of
width, depth, and velocity to changing discharge to be interpreted
from physical consideratons. In general, based on simple power func-
tions, with increasing discharge for the Platte River in the study area:
(1) Width-depth ratio increases; (2) velocity increases more slowly
than channel cross-sectional area; and (3) roughness increases. The
bf-m diagram also allows the systematic variation of the hydraulic-
geometry exponents with time to be assessed. In general, the width
exponent has decreased with time. Trends in the velocity and depth
exponents are less apparent.

For some sections, power functions do not appear to describe ade-
quately the observed at-a-station relations. For these sections, breaks
in the slopes of the hydraulic geometry relations serve to partition the
data sets. Power functions fit separately to the partitioned data
described the width-, depth-, and velocity-discharge relations more
accurately than did a single power function. Plotting positions of the
exponents from hydraulic geometry relations of partitioned data sets
on b-fm diagrams indicate that much of the apparent variation of
plotting positions of single power functions results because the single
power functions compromise both subsets of partitioned data.
Although there is for some sections a suggestion of a decrease in the
width exponent through time even for partitioned data, in general the
differences in plotting positions between the subsets of partitioned
data for a given time interval are at least as great as the differences in
plotting positions between successive time intervals for non-
partitioned data.

The shape of the complex at-a-station relations may have at least
three causes: (1) Changes in bed roughness with discharge may not be
linear (Richards, 1973); (2) channel shape may preclude constant rates
of increase in water width and depth with increasing discharge; and
(3) an insufficient range of data values may account for apparent com-
plex behavior. Complex hydraulic-geometry relations have signifi-
cance for channel maintenance and preservation of sandhill- and
whooping-crane habitat. Nearly the entire channel bed of sections ex-

hibiting complex hydraulic-geometry relations can be covered with
low-magnitude discharges. Vegetation encroachment may be in-
hibited, preventing further channel narrowing, where non-loglinear
relations apply. Discharges required to cover the channel bed are
lower than discharges estimated as necessary for channel mainte-
nance by other methods, but the former may serve as minimum
values for channel maintenance.

INTRODUCTION

The Platte River in south-central Nebraska in the
mid-1800s exceeded 1 km (kilometer) in width. Descrip-
tions of its appearance and its treacherous fords today
seem exaggerations, because the present river width
rarely exceeds 300 m (meters). Sandbars and islands
have become vegetated, as have the banks and adjacent
bottomlands. These morphologic and vegetative
changes have resulted from continuous changes in the
hydrology of the river. Annual discharge and annual
peak discharge have decreased in many locations since
the development of irrigation in the Platte River basin
(Kircher and Karlinger, 1981). These changes in
streamflow characteristics have decreased the capabil-
ity of the river to shift sandbars and scour encroaching
vegetation (Eschner, Hadley, and Crowley, 1981).
Equally as important, irrigation practices apparently
have changed the Platte River from an intermittent
stream to a perennial stream in many locations.

Changes in hydrology and channel morphology of the
Platte River have reduced its value as a wildlife habitat
for some species and increased its value for others. The
river presently is used by a wide variety of waterfowl,
including ducks, geese, bald eagles, and sandhill and
whooping cranes. Sandhill cranes (Grus canadensis) and
the endangered whooping crane (Grus americana) use
the Platte River as a staging area and stopover point. In
March, these birds spend several weeks in the Platte
River valley prior to completing their northward migra-
tion to breeding grounds in Canada. In the fall, the river
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is used as a stopover point when the birds return to
wintering grounds in the southern United States (U.S.
Fish and Wildlife Service, 1981).

Two features of the Platte River especially are desir-
able as crane habitat. Unvegetated sandbars in broad,
shoal reaches of the river provide ideal night-roosting
sites; the open character of these sites decreases the
likelihood of predation. Wet meadows adjacent to the
river provide important nutrients, in the form of
invertebrates, for the cranes.

In general, changes in the hydrology and channel mor-
phology of the Platte River have been detrimental to
crane habitat (U.S. Fish and Wildlife Service, 1981). As
vegetation increases in height and channel width de-
creases, the river loses its suitability as a night-roosting
area. Changes in river water level affect the quality of
the wet meadows. If these meadows are not subirri-
gated adequately, they may be converted to pasture or
cropland, and, therefore, will be lost as feeding grounds.

Not all of the Platte River valley in south-central
Nebraska is presently prime habitat. Frith (1974)
classified crane habitat along the Platte River and
found a broad range of habitat quality. The U.S. Fish
and Wildlife Service (1978) determined that the 100-km
reach of the Platte River downstream from Lexington,
Nebraska was critical habitat for the whooping crane;
maintaining the crane habitat along this reach of the
river is essential for the preservation of the whooping
crane.

Studies of channel changes of the Platte River basin
have been undertaken, at least at a preliminary level.
Schumm (1968) described the reduction in channel
width of the North Platte River and attributed it to the
decrease in annual peak flows of the river. Nadler (1978)
showed that the South Platte River had decreased in
width and increased in sinuosity, the ratio of channel
length to valley distance, since the beginning of irriga-
tion. Changes in channel width, channel pattern, and
vegetation encroachment on the North Platte and
Platte Rivers were described by Williams (1978b). The
processes of width reduction of the Platte River were
documented by Eschner and others (1981).

The primary objective of this study were to compute
at-a-station hydraulic-geometry relations at selected
sites, to examine how the relations have changed with
time, and to determine the significance of the relations
for channel maintenance.

DESCRIPTION OF THE STUDY AREA

The Platte River is formed by the confluence of the
North Platte and South Platte Rivers, about 6 km east
of the city of North Platte, Nebraska. From this conflu-

ence, the Platte River flows generally toward the east.
Initially the river arcs to the north to Duncan, then it
arcs south to Ashland. From Ashland, the Platte River
flows 80 km east to its confluence with the Missouri
River (fig. 1). The total area drained by the Platte River
is about 233,000 km? (square kilometers). The Loup
River, the primary tributary to the Platte River, drains
39,400 km?,

FIELD STUDY AREA

The field study area is a 72-km reach of the Platte
River in south-central Nebraska, extending from the
town of Cozad to the town of Odessa (fig. 2). The entire
area lies within the High Plains Section of the Great
Plains Province of the Interior Plains (Fenneman, 1931).

Annual precipitation decreases to the west across the
study area, ranging from about 560 mm (millimeters) at
Kearney to about 510 mm at Cozad. Most of the precipi-
tation falls as spring and summer rains, and the largest
amount falls in June. Total lake evaporation is about
1,270 mm per year throughout the area.

The Platte River in the study area is affected by man
to varying degrees. Gravel pits, both active and aban-
doned, dot the river bottom. Water is diverted for the
Dawson County Canal immediately upstream of the
study area. Water from the Tri-County Supply Canal
that has been used for hydropower generation and for
cooling is returned to the South Channel of the river
through the Johnson-2 power return at a point about
midway between Lexington and Overton. The amount
of water returned depends on irrigation demand and
power generation at hydropower plants. About 3 km
east of the town of Elm Creek, water is diverted by the
Kearney Canal for irrigation and hydropower. The
banks of the river have been riprapped at various loca-
tions to reduce the erosive effect of the river against the
banks.

Three gaging stations, operated by the U.S. Geologi-
cal Survey and the Nebraska Department of Water Re-
sources, are within the study reach. The river at the
gage near Cozad, at the western edge of the study area,
has a drainage area of approximately 146,300 km?. Two
channels are present at Cozad, and each channel is
gaged separately. Only the north channel is considered
in the discussion of at-a-station hydraulic geometry in
this report. These gages produced records from April
1939, with irrigation-season records for 1932, and 1937
to 1938. The gage near Overton, although not occupy-
ing the same site for the period of record, produced
records from October 1914 to the present, and gage
heights from the period July to September 1914. The
drainage area of the Platte River at this gaging station
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FIGURE 1.—Index map of the Platte River basin.

is about 149,400 km?. The gaging staton near Odessa, at
the eastern end of the study area, has had a recording
gage since October 1938. The basin area at this gage is
approximately 150,500 km?.

CROSS-SECTION LOCATIONS

Six river cross sections have been established within
the study reach for field observations (fig. 2). These sec-
tions will be referred to as Cozad (section 1), Lexington
(section 2), Johnson 2 (section 3), Overton (section 4),
Elm Creek (section 5), and Odessa (section 6), in down-
stream order. The location of the Johnson-2 power
return also is indicated in figure 2.

CHANNEL CHARACTERISTICS

The channel of the Platte River in the study area
ranges in width from about 120 m to over 500 m. Water
depth varies from a few millimeters over bars at low

flow to over 2 m in the thalweg at high flow.

Vegetated sandbars occur throughout the river at
average flows. (near mean annual); the width of these
bars approaches two-thirds of the channel width; their
length approaches twice the channel width. Vegetation-
comprises low weeds and grasses, with willow or cotton-
wood seedlings at various stages of development; these
seedlings, if not destroyed by flood, become firmly es-
tablished and cause the sandbar eventually to become
an island. Permanent islands also occur.

Vegetation along the river bank consists of grasses,
shrubs, and trees. The trees most commonly found are
species of willow, cottonwood, and ash. Russian olive
and red cedar trees grow in areas not frequently inun-
dated. Tamerisk has been seen infrequently, and only
within the last decade (Joe Jeffrey, rancher, oral com-
mun., 1979).

The Platte River channel is braided at low flows, with
threads of water intertwining among ripples, dunes, and
sandbars. At the highest flows, water extends from
bank to bank and flows straight through the channel.
At many locations, the channel pattern appears to be
meandering or anastomosing, that is, consisting of
branches that separate and rejoin around islands.
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THE CONCEPT OF
HYDRAULIC GEOMETRY

The term hydraulic geometry was introduced by
Leopold and Maddock (1953) to describe the way in
which channel characteristics vary with discharge. In
essence, hydraulic geometry is an empirical model ex-
pressing the changes in channel and hydraulic variables
as simple power functions of discharge. The resulting
equations have the form:

w=aQ’ 1)
=cQ' @
v=k@" 3)
where
w = width,
d = mean depth,

v = mean velocity,
@ = instantaneous discharge,
b, f, and m = the exponents of the equations, and
a, ¢, and & = the coefficients.
For continuity, the product of width, mean depth, and
mean velocity must be the discharge:

Q=wdv. (4)

Then the product of the hydraulic-geometry coefficients
and the sum of the exponents must be:

Q=ack Q+/+m (5)

Hydraulic-geometry relations can be defined for both
specific cross sections on a river (at-a-station hydraulic
geometry) and different cross sections on ariver at a con-
stant frequency of discharge (downstream hydraulic
geometry), although not necessarily in downstream
order. The exponents of both the at-a-station and down-
stream relations have been studied in various physio-
graphic and climatic regions. In addition, expected
exponents under ideal conditions have been derived
theoretically for both downstream and at-a-station

geometry.

AT-A-STATION HYDRAULIC GEOMETRY

Exponents for at-a-station hydraulic geometry,
reported in the literature, range at least from 0.0 to 0.84
for the width exponent, b; 0.01 to 0.84 for the depth ex-
ponent, f; and 0.03 to 0.99 for the velocity exponent, m

(Rhodes, 1978). Park (1977) calculated modal class
values for 139 at-a-station data sets for streams in pro-
glacial, humid temperature, semiarid, tropical, and
“unspecified”” regions. Park found that exponent values
for width fell within the class 0.0 to 0.1, for depth within
the class 0.3 to 0.4, and for velocity within the class (0.4
to 0.5. Knighton (1975) reported average exponents for
206 cross sections in the United States as 0.16 for width,
0.43 for depth, and 0.42 for velocity. Perhaps the most
commonly cited average exponent values are those com-
puted by Leopold and Maddock (1953) for ““a large varie-
ty of rivers* * *.”” The values are 6=0.26, /=0.40, and
m=0.34.

Computed exponent values have been compared to
theoretically derived at-a-station values. Theoretical at-a-
station exponent values will vary with the channel shape
assumed for their derivation. The ‘“most probable
values’’ as generally cited (Park, 1978; Rhodes, 1978) are
b=0.23, f=0.42, and m=0.35 (Langbein, 1964). Wolman
and Brush (1961) derived theoretical at-a-station cross-
section area (4), and width exponents based on flume
studies of coarse noncohesive sands. For channels at or
above the critical velocity of incipient motion, A=@Q°?
and 5=0.90. For channels below the point of incipient
motion, A=Q"® and 4=0.75. Wolman and Brush (1961)
cited the Platte River near Grand Island, Nebraska at
moderate stages as an example of a river in coarse non-
cohesive sands that behaves according to their
derivation.

DOWNSTREAM HYDRAULIC GEOMETRY

Computed downstream exponents range at least from
0.03 to 0.89 for width, 0.09 to 0.70 for depth, and —0.51
to 0.75 for velocity. These values are those reported by
Park (1978) for 72 observations. The modal classes of
these observations are 0.4 to 0.5 for width, 0.3 to 0.4 for
depth, and 0.1 to 0.2 for velocity. Leopold and Maddock
(1953) listed the average exponents calculated for their
classic study as #=0.5, f=0.4, and m=0.1. Carlston
(1969) computed least-square solutions for Leopold and
Maddock’s data and found the mean of the exponents to
be 0.461 for width, 0.383 for depth, and 0.155 for
velocity.

Theoretical exponents have been derived for down-
stream hydraulic geometry. Leopold and Langbein
(1962) obtained values of 56=0.55, f=0.36, and m=0.09.
Langbein (1964) calculated the exponents as 5=0.53,
f=0.36, and m=0.10. Using a different method, Smith
(1974) obtained average downstream exponent values of
b=0.6, f=0.3, and m=0.1.

The use of average hydraulic-geometry exponents,
even for rivers within one basin, has led to the theory
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that rivers have similar geometries despite different
physiographic and climatic settings. Recently, however,
the validity and usefulness of average hydraulic-
geometry exponents have been questioned (Knighton,
1975; Rhodes, 1977; Park, 1978). The large range of all
three exponent values suggests that mean geometry
may be an attractive, but more or less meaningless,
concept.

ASSUMPTIONS

The concept of hydraulic geometry is based on
assumptions, which may include the following (Thornes,
1977; Knighton, 1977):

1. A direct causal relationship exists in the system,
with discharge as the primary independent vari-
able.

2. A change in the independent variable will cause a
specific change to occur in the dependent vari-
ables.

3. The changes are continuous and reversible.

4. Mean-stream characteristics are represented by the
relations at a particular site.

5. Simple loglinear relationships accurately describe
the observed changes.

Although channel width is determined largely by dis-
charge, at-a-station hydraulic geometry is a function of
channel shape for low flows (Richards, 1976). Channel
shape is (in turn) determined by physical properties of
channel-perimeter sediment (Schumm, 1960) and past
flow events (Pickup and Rieger, 1979). Thus, despite,
the ultimate cause of channel size, the channel yields an
at-a-station hydraulic geometry that is a relic of larger
flows.

Hydraulic geometry relations describe observed
changes in a channel with changing discharge; the rela-
tions are best-fit lines for the data used and do not
necessarily represent unique values. A given change in
discharge need not always produce the same response in
the channel; width may adjust slightly more than depth
on one occasion, but the reverse may occur on another
occasion. In the same manner, channel response may
not be reversible in a strict sense. This fact was
documented by Leopold and Maddock (1953) with their
example of the passage of a single flood on the San Juan
River in Utah. Hydraulic-geometry plots from this flood
show hysteresis, that is, channel depth, mean velocity,
suspended-sediment load, streambed elevation, and
water surface all responded differently to the same dis-
charge on the rising and falling stage.

Knighton (1977) has studied the theory that mean
stream characteristics are represented by at-a-station
relations. He concluded that four factors were responsi-
ble for short-term variation at a given site. Measure-

ment error is present in all discharge measurements;
mean depth and velocity particularly are susceptible to
error because they are computed from point measure-
ments. Random error is also a source of variation in all
discharge observations. Hysteresis is a random varia-
tion. Systematic variation, or variation resulting from
progressive change of the channel, in hydraulic geom-
etry is a third source of short-term variation at a site.
Knighton suggests that systematic variation can be ex-
amined by looking at discrete time phases of the sample
from a given site. The final source of short-term varia-
tion in at-a-station hydraulic geometry lies in analytical
error.

The existence of analytical error would be a refutation
of the assumption that simple loglinear relations ade-
quately describe channel changes with discharge.
Richards (1973) pointed out that, because depth and
velocity are functions of roughness, they also should be
functions of bed sediment and channel geometry. He
suggested that higher-order equations, specifically log-
quadratic equations, may express more accurately
hydraulic-geometry relations.

Log-quadratic or log-polynomial equations are appro-
priate for use in hydraulic geometry because they
allow use of the continuity relationship. For example,
the width-discharge power-function relation (equation 1)
can be rewritten as:

(log w)=log a+b, (log Q). 6)
Generalization to-a log-quadratic equation yields:
(log w)=log a+b, (log Q) b, (log Q)* "

By analogy to equation 6, the first derivative of equation
7 with respect to log Q,

dllog w) _ 1
dllog Q) b,+2b, (log Q) 8)

is the instantaneous slope of the curve. The continuity
equation using first derivatives of log-quadratic func-
tions becomes:

(b +fi+m)+2(b,+f,+mlog Q=1 9)

(Richards, 1973). The first derivative, therefore, is
analogous to the exponent of the power function.

THE B-F-M DIAGRAM

Two methods of graphically representing hydraulic-
geometry exponents have been proposed. Park (1978)
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presented tri-axial graphs of both at-a-station and down-
stream hydraulic-geometry exponents to allow con-
sideration of the simultaneous variations in the three ex-
ponents. Park concluded that there is not a tendency
within an area or environment to establish a unique
hydraulic-geometry relation or series of relations, either
at-a-station or downstream.

Rhodes (1977) graphically represented hydraulic-
geometry exponents by plotting them .on a triangular-
coordinate system, which he termed a b-fm diagram.
The arrangement of the b-fm diagram was different
from the tri-axial graphs proposed by Park. Rhodes’
research indicated that comparison of channels through
assessing the similarity of exponents was inadequate.
He proposed a series of subdivisions of the bfm
diagram based on hydraulic and morphologic consider-
ations (fig. 3). The ten fields of the diagram are created
with five lines, as follows:

1. b=f. This line represents no change in the width-
depth ratio with changing discharge. To the right
of this line, width-depth ratios decrease with
discharge, and to the left of this line, width-depth
ratios increase with discharge. Location of a point
relative to this line may provide information
about channel shape and stability, and bedload
transport.

2. m=f. Rhodes (1977) suggested that the competence
of channels plotting above this line should increase
with discharge. This statement was based on an
analysis of competence and the rates of change of
velocity and depth by Wilcock (1971), and on work
by Leopold and Maddock (1953), associating the
ratio of the rates of change in velocity to depth
with the rate of change of suspended load.

3. m={12: This division is based on Froude number and
represents a constant value. The Froude number,
defined as:

F= Y (10)
vgd
where
v =velocity,
g =gravitational constant, and
d =water depth,

can be expressed as a proportion between m and f,
because both velocity and depth can be expressed
in terms of discharge. If the constants are
eliminated, the proportion of Qf2 oc @™ results.
Thus, a constant Froude number is expressed by
m=f]2. Froude number increases above this line
with increasing discharge and decreases below the
line with increasing discharge.

4. m=b+f, or m=0.50: Channels plotting above this
line show rapid increase in velocity with discharge.

b=f

05 btf=m

f

b

FiGure 3.—Divided b-f-m diagram, showing fields that represent
different channel types. (After Rhodes, 1977).

If the velocity (m) increases more rapidly than
cross-sectional area (b+f), resistance must decrease
rapidly. Rhodes (1977) indicated that this division
provided information about channel stability.

5. m/f=2/3: This line is related to the Manning rough-
ness coefficient, n, in the Manning equation (metric
form):

R23 S1/2
v=
n

11)

where R=hydraulic radius, the ratio of the cross-
sectional area to the wetted perimeter, and S=slope.
Mean depth is assumed to be approximately equal to
hydraulic radius for wide, shallow channels, such as
those of the Platte River.

Expressing slope, Sx@?, and roughness, no@p, as func-
tions of discharge, Manning’s equation may be rewritten
as:

Qo Q29 X __Q(é/yZ)z (12)

If m=2/3 f, the ratio S2/n is constant with changing dis-
charge. Rhodes assumed (from data from several
sources) that slope varies little with discharge; thus,
roughness may change appreciably. This assumption,
although true for limited ranges of discharge, is prob-
ably not true for the full range of flows. Points below the
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line m/f=2/3 on the b-fm diagram represent channels in
which roughness increases with discharge.

AT-A-STATION HYDRAULIC GEOMETRY

Hydraulic-geometry relations were computed both for
the six field-study sections and for several cross sections
near the Cozad, Overton, and Odessa gages. The expo-
nents were calculated using linear regression techniques
on log-transformations of the data. Initially, first-order
log equations (power functions) were assumed to repre-
sent the hydraulic-geometry relations. In addition, log-
quadratic equations were fitted to the data sets, and
separate power functions were fitted to discrete
segments of the data sets for these purposes: (1) To
decrease the residual error of the regressions; (2) to ap-
proximate more closely the apparent trend of the data;
and (3) to meet physical constraints observed in the field.
For the purpose of discussion, the data
are grouped as: (1) Summarized data, those data ob-
tained from discharge measurement summary sheets;
and (2) field data, those data collected from field
measurements.

SUMMARIZED DATA

These values of water width, depth, velocity, and dis-
charge were summarized from discharge-measurement
sheets and summary sheets in the Nebraska District Of-
fice of the Water Resources Division of the U.S. Geolog-
ical Survey. The range of summarized data is relatively
small, but the data set is large. High-flow discharge ob-
servations are missing from the summarized data; such
measurements usually are made from bridges and do not
represent natural sections. At lower discharges,
measurements were made at specified distances from
the gage or bridge. In contrast to the method employed
by Leopold and Maddock (1953), discharge measure-
ments for this study were grouped by specific location,
as recorded on the individual discharge notes. For ex-
ample, discharge measurements made at a given cross
section were not grouped with measurements made 20 m
upstream or downstream from that cross section. These
data groupings should reduce the scatter introduced by
the use of different sections.

Hydraulic-geometry exponents that apply for the at-a-
station case, for the period of record and for shorter time
periods, are listed in table 1 for data from sections near
the Cozad, Overton, and Odessa gages. Exponents for
power functions based on whole data sets and par-
titioned data sets are listed in table 1; corresponding
significance levels and corresponding correlation coeffi-
cients are listed in the summary of statistical data at the
end of the report (table 2).

The range of exponents for the sections near Cozad,
Overton, and Odessa is relatively large for each of the
hydraulic-geometry relations computed from simple
linear regression. The width exponent varies from 0.22
to 0.80, the depth exponent varies from 0.11 to 0.63, and
the velocity exponent varies from 0.09 to 0.44. The
amount of variation of the exponent varies from area to
area. For example, the width exponent ranges from 0.21
to 0.66 for the sections near Cozad, but the width expo-
nent ranges only from 0.48 to 0.68 for the sections near
Odessa. Variability of all three exponents is least for the
three sections near Odessa.

For the period of record, simple linear regression of
the logarithms of width, depth, and velocity on the
logarithm of discharge yielded large reductions in the
variances of the dependent variables relative to the
variances of the logarithms of width, depth, and veloc-
ity alone. Similar reductions were found for the period
since 1969 in most instances.

The reduction of variances of the dependent variables
does not necessarily indicate that the relations between
discharge and width, depth, and velocity are power
functions, because the correlation coefficient is not a
measure of the appropriateness of the straight-line
model. However, examination of representative plots of
the data (figs. 4-12) indicates that some of the relations
are log-linear, or plot as straight lines on log-log plots.

For some sections, however, power functions do not
appear to be the correct model for the data, although
simple linear regression did reduce significantly the
variances of the dependent variables (figs. 5, 6, 7, 9, and
10). In general, for the period of record and for the
period since 1969 for the sections where power functions
do not appear to describe hydraulic-geometry relations,
the addition of a second-order discharge term results in
a significant proportionate reduction of the variance of
the dependent variable relative to the variance of the
dependent variable without the second-order discharge
term. This is particularly true for the data sets from the
period of record, probably because of the size of the data
sets. The significance of higher-order terms tends to de-
crease as the order of the term increases. Statistics on
the second-order terms are not included in table 1
because although the improved fit of regression lines
obtained from second-order discharge terms is statis-
tically significant in some instances, it has no physical
meaning.

On many of the hydraulic geometry plots, breaks in
the slopes of the width, depth, and velocity-discharge
relations are evident at a certain discharge (fig. 10).
These breaks in slope can serve to partition the data
sets. Power functions fitted separately to the low range
of discharge and to the high range of discharge gener-
ally yielded large proportionate reductions in the vari-
ances of the dependent variables relative to the vari-
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rized data, expressed as coefficients of power functions of the
form: (log w)=log a+bflog Q)
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TABLE 1.—At-a-station hydraulic-geometry exponents for summa-
rized data, expressed as coefficients of power functions of the
form: (log w)=log a+bflog @)—Continued

Distance Distance
Platte downstream Period of Coefficients Platte downstream Period of Coefficients
River from gage record b 7 m River from gage record 3 £ m
near: {meters) near: (meters)

Cozad ..... 30 1961-1979 0.5282 0.2939 0.1778 | Overton,

1961-1963 .5560 2804 1636 south
1964-1969 492 2169 .2913 channel .. 30 1968-1978 .56332 3974 .0694
1970-1979 4893 3405 .1702 | Overton,
Cozad ..... 45 1954-1979 .5082 .3537 1381 south
Low 795 127 .078 channel .. 90 1968-1978 .3870 3229 .2901
High 3741 4905 .1354 | Overton ... 30 1961-1967 .8011 .1165 .0824
1954-1969 .5492 297 153 Overton ... 45 1961-1963 914 —.048 134
Low 755 245 .015 Overton ... 60 1954-1967 6523 1984 .1493
High .5998 .4002 1521 Low 462 .503 034
1970-1979 2782 6274 0944 High .4637 .3150 2213
High .2351 .6847 .0801 1954-1963 7303 .1384 131
Cozad ..... 60 1953-1979 .5339 2720 1941 Low 948 —.114 .166
Low 6788 1273 .1939 High 5152 .2705 2143
High .3576 4503 1921 1964-1967 6047 247 .1484
1953-1957 6610 .1637 1753 Low 251 721 028
1958-1963 4944 3473 1583 High 4550 3435 2014
1953-1963 5728 2450 1822 | Overton ... 75 1962-1967 0.4878 0.2386 0.2736
Low .6801 .1395 1805 Low 770 139 .091
435 .4359 1295 High 4161 .2456 .3383
Cozad ..... 60 1964 1969 0.4468 0.2831 0.2701 1962-1963 .386 .347 .267
Low 72 —.101 .329 1964-1967 4973 .2264 276
High 3738 4071 2190 Low .768 177 .0552
1970-1979 .3809 4551 .1640 High 4282 2227 .3491
Low 997 —.0161 .0192 Overton ... 90 1962-1967 4729 .3207 .2064
High 1772 5717 2511 Low 7072 .1686 1242
Cozad ..... 75 1961-1979 4345 .3625 .2030 High .1961 5819  .2219
Low 5848 0414 3739 1962-1963 .5092 .3010 .1898
High 5188 .3560 1252 Low 8478 .0432 .1090
1961-1963 4999 .3580 1421 High .1283 .5905 2812
Low 510 .2106 2798 1964-1967 .4602 327 2123
Hig 6425 2859  .0717 Low 6402 2307 .1292
1964- 1969 .5086 2832 .2082 High 2157 5787 2056
Low 752 —.111 .3599
High .5435 .3543 1023 Odessa . ... 60 1962-1979 6286 2218 .1496
1970-1979 2155 5151 2694 Low 6508 .1805 .1687
High .2553 4705 2742 High 3701 .548 .082
Cozad .. ... 120 1951-1979 .4998 3131 1871 Odessa .. .. 60 1962-1963 0.6807 0.1362 0.1832
Low 6224 .2067 1709 Low 7100 .0994 .1906
High 2281 .5790 .1930 High .320 .383 297
Cozad .. ... 120 1951-1963 0.6168 0.2198 0.1634 1964-1969 5868 .2940 1193
Low 6585 .1863 1551 1970 .4829 4028 1143
1964-1969 2345 .5147 .2508 Odessa . ... 75 1961-1979 .6018 .2033 .1949
Low 4669 .3629 1702 Low 6138 1718 2144
High .1636 .6166 2198 High .256 551 .193
1970-1979 3184 .5334 .1482 1961-1963 5963 .1615 2922
Low .4380 5240 .0380 1964-1969 .5869 .2691 1442
High .2165 .5833 2024 Low 6224 .2258 1519
High 254 .600 .146

Oveﬁn, 1970- 1979 5692 .3084 1224
nol
channel .. 30 1968-1976 4294 .3497 .2210 Odessa . ... 90 1953-1979 .6183 .2074 1743

Overton, Low .6804 .1540 .1656
north High 3077 4817 .2106
channel .. 45 1968-1976 .3850 .3608 .2543 1953-1963 6343 1974 .1683

Low .305 307 388 Low 6562 .1623 .1814
High 2139 .5465 .2396 High .2662 .565 .169

Overton, * Odessa . ... 90 1964-1969 05514 0.2521 0.1966
north Low 7244 1233 .1523
channel .. 60 1968-1976 4100 .3658 .2242‘ High 2719 4782 .2499

Low 5226 .2684 .2090 1970-1979 5077 .3295 .1698
High 0474 7883 '.1643 - ,

Overton, INegative values for the depth exponent occur only in the low range of discharges for par-
north titioned data sets. The values result as discharge increases; spreading flow over previously
channel .. 75 1968-1978 0813 4815 4372 unwetted streambed, and they reflect the fact that mean depth may decrease as width in-

Low 770 139 .091 creases rapidly.
High 4161 2456 .3383

Overton, .
north ances of the variables alone (table 2, at the end of the
channel .. 90 1968-1978 0.3154 0.4331 0.2514 )

Low 654 1923 1538 | report). i o
High 1665 .4806  .3529 Regressions based on partitioned data sets indicate
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FIGURE 4.—Relation of width, depth, and velocity to discharge,
Platte River 30 meters downstream from gage near Cozad,
Nebraska, post-1969 record.

the effect of the range of data values. For example, the
exponent of the width-discharge power function for the
period of record from the section 45 m downstream of
the gage near Cozad is 0.5082 (table 1). For the same
station and period of record, the width-discharge power
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Platte River 120 meters downstream from gage near Cozad,
Nebraska, 1964-1969.

function exponents are 0.795 for discharge values less
than 1.1 cubic meters per second (m®%s), and 0.3741
for discharge values greater than or equal to 1.1 m?¥s.
The data points for this station from 1970 to 1979
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FIGURE 6.—Relation of width, depth, and velocity to discharge,
Platte River 120 meters downstream from gage near Cozad,
Nebraska, post-1969 record.

almost all have discharge values greater than 1.1 m¥s;
thus, the width-discharge power function cannot be
established for discharge values less than 1.1 m%s. As
would be expected from the range of discharges, the ex-
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ponent for the width-discharge power function for dis-
charges of 1.1 m%s or greater is quite similar to the ex-
ponent for the width-discharge power function for all
data from 1970 to 1979 (table 1).
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FIELD DATA

Field data were collected at the six cross sections es-
tablished for this study. Discharges were obtained by
gaging for the Lexington, Johnson-2, and Elm Creek
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FIGURE 9.—Relation of width, depth, and velocity to discharge,
Platte River 60 meters downstream from gage near Cozad,
Nebraska, for the period of record.

sections. At the remaining three sites (Cozad, Overton,
and Odessa), rating curves were used to estimate
discharge; therefore, channel depth and velocity were
not measured at all six sections. The range of observed
discharges is larger than the range of summarized dis-
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FIGURE 10.—Relation of width, depth, and velocity to discharge,
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Nebraska, for the period of record.

charges, but the data are deficient toward the middle of
the discharge range. In addition, the number of dis-
charge observations is low.

Width-discharge relations were plotted for the six
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FiGURE 11.—Relation of width, depth, and velocity to discharge,
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Nebraska, for the period of record.

field sections. At the Cozad, Lexington, and Johnson-2
sections, sufficient data were collected to permit plot-
ting of depth-discharge and velocity-discharge relations
also. Plots of some of the field data are presented as
figures 13 to 15.
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FIGURE 12.—Relation of width, depth, and velocity to discharge,
Platte River 90 meters downstream from gage near Odessa,
Nebraska, for the period of record.

The number of field data points is too small to be sig-
nificant, but the figures suggest that, in some instances,
power functions are not appropriate. Plots of the field
data indicate that the power-function model adequately
describes the velocity-discharge relation at Cozad, the

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

1000

UL T TTImT T T 1T T T T TTITH
2
w 100 =
= = 3
w - -
= r 3
z | L =
TR -
2 1wk .
= E 3
F ]
1 Lodopiyg 11 1ggin L1t L1l
10 LI 0 0 I S B o I MR A} T T TTTTTT T T TTTTT
E E
- ]
- 4
r e -‘
2
Bk =
[o7] rC 3
= o ]
Z - -
» - L] -
= . .
[~ 9
B 0.1 3 3
- 3
- -
L i
o 0n Lo vy i 1o Ly
10 T T T TTTIT T T T TTTI T T TTTIIT T T T TIT7T
% r 3
- -
& I ]
& . j
o .
£ Tk 3
(2] - 3
g f : -
b= - .
wl - .
= - m
g
« 0.1 E 3
[= = =
o C .
o L .
e
i -
>
0.01 B R 1.1 3 pivin ) b 1B RRRgl b4 tiil
0.4 1 10 100 1000

DISCHARGE,, IN CUBIC METERS PER SECOND

FiIGURE 13.—Relation of width, depth, and velocity to discharge,
Platte River near Cozad, Nebraska.

width-, depth-, and velocity-discharge relations at the
Johnson-2 section, and the width-discharge relation at
the Odessa section. Power functions apparently de-
scribe all three hydraulic-geometry relations for the sec-
tion near Lexington. There is a suggestion of a complex
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FIGURE 14.—Relation of width, depth, and velocity to discharge,
Platte River near Lexington, Nebraska.

relation between width and discharge, and between
depth and discharge, but the few data points do not
define the relation well enough to make meaningful in-
ferences about its nature. The width- and depth-
discharge relations at Cozad do not appear to follow a
single power-function model.
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FIGURE 15.—Relation of width, depth, and velocity to discharge,
Platte River downstream from Johnson-2 Return near Lexington,
Nebraska.

COMPLEX AT-A-STATION
HYDRAULIC GEOMETRY

Hydraulic-geometry relations for the Platte River are
not described adequately by power functions in all in-
stances. This complex hydraulic geometry is not
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peculiar to the Platte River. Wolman (1955) stated of
Brandywine Creek, in Pennsylvania, ‘“There is a sug-
gestion in some of the data* * * that the depth-dis-
charge and velocity-discharge curves may actually plot
as curved rather than straight lines on a log-log paper.
Such a relationship of the at-a-station curves is not un-
common.” Richards (1973) noted that non-linear
changes of depth and velocity with discharge may result
from non-linear changes of roughness with discharge.
Richards (1976) also proposed that channel cross-
section shape can produce breaks or discontinuities in
the width-discharge relationship. Williams (1978a)
showed that all three hydraulic-geometry exponents
vary with discharge for the Humbolt River in Nevada.

At least three causes may explain the complex
hydraulic geometry in the study area. The first explana-
tion may lie in the range of discharges observed. At
some sections only a small range of discharges was
observed (fig. 7). The scatter of the predicted variables
{width, depth, and velocity) may be sufficient to make
the relation appear to be complex. This explanation
does not apply to all sections, because at some sections

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

at which the range of observed discharges is low, there
is little scatter of the data (figs. 5 and 7); and because at
some sections at which the range of observed discharges
is high, the relations are nevertheless complex (fig. 10
and 12). Conversely, it may be that changes in the rates
of adjustment of width, depth, and velocity with in-
creasing discharge were not observed because of the
small range of observed discharges. Secondly, the
velocity-discharge and depth-discharge relationships
may be complex because of changes in rouglness
(Richards, 1973). In addition to changes in roughness
associated with dunes and other small-scale bed forms,
changes in roughness may occur as vegetated or
unvegetated larger bed forms, such as macroforms
(Crowley, 1981), are inundated. Finally, and for this
study, most importantly, channel shape may preclude a
constant rate of water-depth and water-width increase.
Near Cozad, for example (fig. 16), the banks are cohesive
and near vertical at many locations. At low flows, the
channel bottom generally is not wetted entirely. As dis-
charge increases, width increases very rapidly as the
channel floor is covered, but depth increases slowly.
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FIiGURE 16.—Cross-section surveys of the Platte River at the Cozad field section.
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Once the entire channel bed is covered and the banks are
reached, width cannot increase appreciably, although
depth may increase rapidly. Such sudden decreases in
the rate of width increase and sudden increases in the
rate of depth increase will cause discontinuities in the
slopes of hydraulic-geometry plots.

The shapes of the hydraulic-geometry relations have
their bases in the physical characteristics of the channel
and flow. Based on the channel shape (fig. 16), the
width-discharge relation should be concave downward
for sections at which the power function does not hold.
In figures 4 through 15 the width-discharge relation
either is a power function or is concave downward.
Where the power function holds for the width-discharge
relation, the depth-discharge and velocity-discharge
relations both may be power functions or both may be
complex with opposite curvature. Where the width-
discharge relation is not a power function, the depth-
discharge and velocity-discharge relations each may be
a power function or complex, with curvature in either
direction. The channel shape, which controls the cur-
vature of the width-discharge relation, also controls the
shape of the depth-discharge relation. The depth-
discharge relation must be concave upward if it is not a
power function. In figures 4 through 15 the depth-
discharge relation either is a straight line or it is con-
cave up. The velocity-discharge relation varies in shape
from concave up (figs. 5 and 7) to a power function (figs.
4 and 8) to concave down (figs. 9 and 10). The physical
significance of the velocity-discharge curve shapes is
difficult to ascertain. Richards (1973, 1977) suggested
that the curves should be concave downward because
the increase in roughness as dunes form offsets any in-
creased efficiency due to increased depth. Knighton
(1979) cited data showing that the resistance-discharge
relation for sand-bed streams is concave upward, cor-
roborating Richards’ suggestion that the velocity-
discharge curve is concave downward. The velocity-
discharge curves may be concave upward at sections
where the effect of form roughness decreases as depth
increases.

Two alternatives to power functions hve been pro-
posed as models for hydraulic geometry. Thornes (1970)
partitioned each set of bivariate data into two subsets
and obtained a discrete power-function regression for
each subset. The break between the subsets was de-
termined by minimizing the combined error sums of
squares of the regressions. Williams (1978a) used two
sets of exponents to describe hydraulic-geometry rela-
tions; one set was for discharges less than a specified
value, the other set was for discharges greater than the
specified value. Richards (1976) argued that fitting of
power-law relationships to discrete subsets of a data set
was unnecessarily complicated, although possible. He
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proposed instead that polynomials be fit to the loga-
rithms of the data, because fewer parameters need to be
estimated than for partitioned data sets and because of
the analogy with the power-function situation.

For this study, where a single power function did not
adequately describe the relation, data sets were parti-
tioned based on breaks in slope of the hydraulic
geometry plots. Separate power functions were then fit
to the different discharge ranges. Although cumber-
some to apply, discrete power functions accurately de-
scribe the changes in hydraulic variables with increas-
ing discharge. Polynomials compromise the relations
that would be obtained from the partitioned data sets
and do not allow the points to be identified at which the
width-, depth-, and velocity-discharge relations change.

MEANING OF THE EXPONENTS

Exponents of the first-order equations represent
the rates of change of the dependent variables with
changing discharge. Rewritten as power functions, for
example:

(log W)=log a+bllog Q);

first derivatives of the equations are exponents of the
first-order equations. Thus, exponents of the power
functions are slopes of the first-order equations.
Because of continuity, the first derivatives or exponents
of the width-, depth-, and velocity-discharge relation-
ships will sum to one.

The question then is: What do the slopes of the
hydraulic-geometry relations mean? The slopes repre-
sent the rates of change of width, depth, and velocity
with changing discharge. Comparison of numerical
values of the exponent indicates which variables show
greater rates of change at which sections. However, nu-
merical comparison of the exponents does not provide
information about the meaning of the exponents them-
selves or their implications about channel conditions.

The b-fm diagram allows the similarity or difference
in responses of width, depth, and velocity to changing
discharge to be interpreted based on physical considera-
tions (Rhodes, 1977). The use of the b-fm diagram is
possible only when the exponents sum to one. For power
functions, this constraint presents no problems because
the exponents sum to one; however, in some instances
individual exponent values are either negative numbers
or greater than one, making plotting on the bfm
diagram impossible. Expansion of the diagram to in-
clude negative values and values greater than one would
be possible, but would make interpretation of the ex-
ponents more difficult. Exponents for the first-order
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COZAD GAGE, PERIOD OF RECORD
COZAD GAGE, 1970-1979
ODESSA GAGE, PERIOD OF RECORD
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FIGURE 17.—B-fm diagram showing plotting positions of current at-a-station hydraulic-geometry exponents
and exponents from the period of record.

equations for entire data sets from table 1 for the
periods of record and since 1969 are presented graphi-
cally on a b-fm diagram (fig. 17). Although these ex-
ponents may not in all instances represent the correct
model, they will serve as a starting point from which to
examine the b-fm diagram.

HYDRAULIC AND MORPHOLOGIC INFORMATION
FROM THE B-F-M DIAGRAM

The bfm diagram not only allows hydraulic-
geometry exponents to be presented graphically, but
also allows inferences to be made about hydraulic and
morphologic parameters. Hydraulic-geometry ex-
ponents for the summarized data (for the period of
record and since 1969) plot in six of the ten fields of the
b-fm diagram.

Only six of the 23 data points plot to the right of the
line, b=f; at most sections the width-depth ratio in-
creases with increasing discharge. Four of the six points
to the right of the b=f line represent sections in the
vicinity of the Cozad gage on the north channel of the
Platte River. This reach of the river is deeper relative to
width than any other river reach within the study area.
The remaining points to the right of the line b=f are
from the north channel near Overton. All of the points
from the period of record, including those from the
north channel near Cozad, plot to the left of the line,
b=f.

None of the data points plot above the line, m=0.50.

Rapid velocity increases are not likely considering the
shallow depth of the river and the increased wetted
perimeter as discharge increases. In addition, vegeta-
tion present on many of the bars will increase roughness
as it is inundated, further decreasing the possibility of
rapid velocity increase.

Six data points plot above the line, m/f=2/3, which
represents the ratio S¥?/n. Points above this line should
represent sections at which roughness decreases with
increasing discharge. Of these six points, one near
Cozad and two near Odessa represent the entire period
of record, and the other three represent sections near
Overton. Thus, roughness apparently increased with in-
creasing discharge at almost half of the sections for the
period of record. However, for the period since 1969,
plotting positions for exponents from unpartitioned
data sets indicate that roughness increased with in-
creasing discharge at 14 of 17 sections.

None of the data points from the Platte River plot
above the line, m=f. Therefore, in all instances, the rate
of change of velocity with increasing discharge is less
than the rate of change of depth with increasing dis-
charge. This implies that competence will not increase
with increasing discharge at any of the sections studied
(Wilcock, 1971).

The line, m={£12, represents sections at which Froude
number is constant with increasing discharge. Six of the
15 data points from the summarized data since 1969
plot below the line, m={/2, in fields in which Froude
number decreases with increasing discharge. The re-
maining nine points representing summarized data
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since 1969 plot above the line, m={/2, representing sec-
tions at which Froude number increases with increasing
discharge. Of these nine points, six are froin the vicinity
of the Overton gage. The remaining three points, two
near the Cozad gage and one near the Odessa gage,
almost plot on the line. For the eight data values from
the period of record, only one point plots below the line,
m=fl2, although four other values lie close to the line.
Thus, based on unpartitioned data sets for the period of
record, Froude number should have increased with in-
creasing discharge at seven of eight sections.

The &fm diagram can be used to interpret, in a
general sense, the way morphologic and hydraulic
parameters adjust to increasing discharge. Exponent
values from hydraulic-geometry relations from sum-
marized data for unpartitioned data sets for the period
of record plot only in fields five, seven, and nine of the
b-f-m diagram. Thus, for these sections, the width-depth
ratio increases with increasing discharge; the velocity-
area ratio decreases with increasing discharge; Froude
number generally increases with increasing discharge;
and the sloperoughness ratio generally decreases, pre-
sumably indicating an increase in roughness with in-
creasing discharge. Exponent values for the hydraulic
geometry computed from summarized data for unparti-
tioned data sets since 1969 plot in fields five through
ten of the b-fm diagram. For these sections, the width-
depth ratio may increase or decrease; in general, it in-
creases. The velocity-area ratio decreased in all in-
stances. In general, both Froude number and roughness
increased with increasing discharge.

The meaning or significance of the fields of the b-fm
diagram is relatively clear; the meaning of the variation
displayed by the hydraulic-geometry exponents and
hydraulic variables is unclear. Note, for example, the in-
ferred differences in roughness among the Cozad sec-
tions or the Overton sections, and the differences be-
tween the Cozad and Overten sections. Changes in bed-
forms with increasing discharge, such as from dunes to
plane bed with transport, may cause roughness to de-
crease. The question of why this should occur at only a
few sections remains. The different changes of the
width-depth ratio can be understood, based on the mor-
phology of the cross sections. Variations of m={/2, in-
dicative of the Froude number, also are less readily
understandable. An inferred decrease in roughness may
account for some of the sections showing an increase in
Froude number with increasing discharge. However,
other sections show an increase in Froude number with
increasing discharge, and yet also show an increase in
roughness (fields seven and eight of the &-fm diagram).

At least four explantions can be offered for the varia-
tion of hydraulic-geometry exponents computed for
unpartitioned data sets, and different reactions of
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hydraulic and morphologic variables as inferred from
the b-f-m diagrams.

1. Morphologic or vegetative differences between sec-
tions may be so great that all of the hydraulic-
geometry exponents are influenced. This could
cause variation in plotting position on the &-fm
diagram also.

2. Inferences drawn from the b-fm diagram may be
incorrect. The fields of the diagram may not ac-
tually group like channels or channels that re-
spond in a similar inanner to increasing discharge.

3. Part of the variation may be due to the different
time periods used. For example, great differences
exist between the unpartitioned data from the
Cozad sections for the period of record and for the
period since 1969. Data from the period of record
represent a time average of the hydraulic-
geometry exponents; whereas, the data since 1969
presumably represent a more homogeneous period,
due to the shorter time period. Changes in the plot-
ting positions of the exponents then may show
changes in the response of the river, both mor-
phologically and hydraulically, with time.

4. Part or all of the variation of exponents and plotting
positions may be due to the assumption in this sec-
tion that single power functions are the appropri-
ate model for hydraulic geometry.

Two of these four explanations for the variation in ex-

ponents, systematic variation (3) and analytic error (4),

will be examined in more detail in the next section of

this chapter.

SYSTEMATIC VARIATION AND ANALYTICAL ERROR

Changes in channel morphology should influence the
rates of change of width, depth, and velocity with in-
creasing discharge. As a result, the hydraulic geometry
computed for short time intervals of a period during
which a channel section was undergoing substantial
change should show systematic variation with time. Un-
fortunately, long-term records either are not available or
are unsuitable for use in hydraulic-geometry computa-
tions. In most instances, early discharge measurements
were made near bridges. Bridge sections may have been
unaltered near the turn of the century, but they were in-
creasingly filled to facilitate bridge construction.
Riprap generally has been placed on the banks im-
mediately upstream and downstream of the bridge sec-
tion. These factors tend to establish bridge sections as
highly modified, almost rigid boundary sections, in-
capable of significant morphologic adjustment to
changes in flow.
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For this analysis, each location grouping of discharge
measurements was further divided into time-period
groups, the ends of which were coincident with the years
of aerial photography. The equations of hydraulic
geometry were computed for the individual time group-
ings at each location. Comparison of exponents and co-
efficients can be made between lpcations or between
time periods, or both, if the limitation imposed by the
limited ranges of data is recognized.

The hydraulic-geometry exponents for the different
time groupings are listed in table 1. The success of time
and location groupings varied from gage to gage. Five
locations were separable from the Cozad measurements.
At three of these locations sufficient records are avail-
able to make three time groupings. A series of gage loca-
tion changes at Overton made the records difficult to
compare directly with those from Cozad and Odessa.
For most locations, records are available for the entire
channel for two time periods, but starting in 1969 each
channel was gaged independently. The records from
Odessa allow three locations, each with three time
periods, to be established.

In general, for the unpartitioned data the width expo-
nent at each location for the Cozad and Odessa sites
decreased with time. However, there are instances when
the width exponent increased with time. The depth and
velocity exponents for Cozad (fig. 18) and Overton gen-
erally do not show trends, either among stations or at.a
given station with time. This implies that depth and
velocity adjust in different ways at different times. At
Odessa depth appears to be increasing, while velocity is
decreasing or remaining constant with time (fig. 19).

Interpretation of the changes in width exponents for
the Overton section are not made easily. Width ex-
ponents decreased at three of the four locations for
which records are available for the period prior to 1963
or for the period 1964 to 1969. At the fourth station, the
width exponent increases. Records for the post-1969
period are available only for individual channels. In all
cases, however, the individual channels have width
exponents smaller than those computed for earlier
periods.

Plots of the hydraulic-geometry exponents for unpar-
titioned data on &-fm diagrams provide visual interpre-
tations of the changes in hydraulic geometry with time
(figs. 18 and 19). These plots show, as discussed above, a
general decrease in the rate of width increase with dis-
charge and, for Odessa, an increase in the rate of depth
increase with discharge. The implication of the width
change is that channel width is not as great for large
discharges as it once was, a point borne out by the ex-
amination of aerial photographs. The hydraulic-
geometry changes at Odessa indicate that the channel
should be incising, as depth is increasing simultane-
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ously with the width decrease. This conforms to
Williams’ (1978b) observed decrease in bed elevation at
Odessa.

The apparent change in hydraulic geometry ex-
ponents with time (figs. 18 and 19) may result from
changes in the range of discharges represented in each
of the different time intervals, rather than from signifi-
cant changes in the width-, depth-, and wvelocity-
discharge relations themselves. If a hydraulic geometry
relation at a site is assumed to be represented by a
single power function, as in figure 18, when in fact it
would be better represented using two different power
functions (fig. 5), then the single power function expo-
nent for that hydraulic geometry relation will be a com-
promise between the two exponents that would better
describe the relation. The slope of the single relation will
depend on the range of discharge values present. A pre-
ponderance of data values from what would be one
subset of data if the data were partitioned, would result
in a single exponent that approximates the exponent for
the subset. If the range of discharges represented at a
site changes with time, the slope of a single hydraulic
geometry relation at that site may also change with
time. Thus, the observed changes in hydraulic geometry
exponents with time may result because the discharge
ranges, upon which those exponents are dependent,
change with time.

Examples of hydraulic geometry exponents from par-
titioned data sets from Cozad and Odessa are plotted in
figures 20 and 21. Although there is a suggestion in
figure 18 that the width exponent generally has de-
creased with time near Cozad, partitioning of the data
sets (fig. 20) indicates that some of the apparent re-
duction of the width exponent results from changes in
the range of discharges represented in different time in-
tervals. Nevertheless, the width exponent decreases
with time near Cozad even within the hydraulic geom-
etry relations for partitioned data sets. The gradual,
systematic change of exponents through time near
Odessa (fig. 19) does not occur when the data sets are
partitioned (fig. 21). Although fewer points are plotted
on figure 21 than on figure 19 because of small data
sets, it is apparent that there is not a change in expo-
nent values through time. Rather, the change in plot-
ting positions on figure 21 results from partitioning of
the data.

SIGNIFICANCE OF COMPLEX HYDRAULIC-
GEOMETRY RELATIONS

Analysis of at-a-station hydraulic geometry showed
that some of the sections within the study reach were
not described adequately by conventional hydraulic
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FIGURE 18.—B-fm diagram showing changes in hydraulic-geometry exponents with time. Data from the
north channel of the Platte River in the vicinity of the gage near Cozad, Nebraska. 0=period before 1958.
1=period before 1964. 2=1964-1969. 3=period after 1969.
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FIGURE 19.—B-fm diagram showing changes in hydraulic-geometry exponents with time. Data from the
Platte River in the vicinity of the gage near Odessa, Nebraska. 1=period before 1964. 2=
1964-1969. 3=period after 1969.

geometry. In general, sections of this type show arapid | charge increases. Rate of increase of velocity with in-
width increase as the channel bed is covered; then, a | creasing discharge either may be slow initially and then
much slower increase in width as the channel fills with | increase, or may be rapid initially and then decrease.

water; a slow depth increase until the banks are The significance of complex hydraulic geometry is
reached; followed by a rapid increase in depth as dis- | twofold. Log-linear regression of partitioned data sets
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FIGURE 20.—B-f-m diagram showing changes in hydraulic-geometry exponents with time. Data from the
north channel of the Platte River in the vicinity of the gage near Cozad, Nebraska; partitioned data sets.
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FIGURE 21.—B-fm diagram showing changes in hydraulic-geometry exponents with time. Data from the
Platte River in the vicinity of the gage near Odessa, Nebraska; partitioned data sets.

describe how width, depth, and velocity change at cer-
tain cross sections with increasing discharge more ac-
curately than do single-power functions of the entire

data set. Thus, at least the shape of the relations is con- -

veyed correctly, enabling changes in the width-, depth-,
or velocity-discharge relations to be predicted at those
sections more accurately than they might be predicted

using power functions. Use of partitioned data sets in
hydraulic-geometry equations, where appropriate,
should reduce or eliminate autocorrelation of the
residuals from the single linear relation, resulting in a
more accurate estimation of standard errors.

The existence of a break in the slope of the width-
discharge relation is of primary importance for this
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study (for example, fig. 5). Above the break, the entire
channel width may be occupied, at a shallow depth, by a
discharge of relatively high duration. Because vegeta-
tive encroachment and stabilization of the channel
banks and bars is part of the process of width reduction
on the Platte River (Eschner, Hadley, and Crowley,
1981), the further establishment of vegetation must
be. prevented if the existing channel width is to be
maintained.

Seeds may be prevented from germinating if there is
no exposed substrateé on which they can grow. Young
vegetation may be removed if it is inundated with water
of a velocity sufficient to scour it out, or it may be killed
if inundated for a sufficient period of time. The sections
of channel where a single power function does not de-
scribe the hydraulic geometry may be kept free of vege-
tation by relatively low flows, because the bed will be
covered completely by those flows. For example, near
Cozad, the mean annual discharge for the period 1953 to
1979 was 14.0 m¥s. Discharges at which the slope of the
hydraulic-geometry relations from the north channel
near Cozad changes (figs. 9 and 10) are much lower than
mean annual discharge. For the section 60 m below the
Cozad gage, the width-discharge and depth-discharge’
relations appear to change slope at about 2 m®/s. For the
section 120 m below the Cozad gage, the width-
discharge relation flattens out at about 3 m®/s and the
depth-discharge relation exhibits a break in slope at
about 3 m?¥s. Thus, the discharge of the north channel
at which the hydraulic-geometry relations change is
less than half of the mean annual discharge for the
entire channel near Cozad.

IMPLICATIONS AND LIMITATIONS OF
AT-A-STATION HYDRAULIC-GEOMETRY
RELATIONS

The form of some of the at-a-station hydraulic-
geometry relations for the Platte River suggests that
present channel dimensions may be related to relatively
high-duration discharges. This analysis indicates that
the discharges at which the rates of change of hydraulic
and morphologic variables change are well below
bankfull discharge, and may approximate the lower
mean annual discharge. These discharges may not
maintain the present channel characteristics, but it
surely can be assumed that discharges below these
values will probably not be able to maintain the channel.
When these minimum values are compared with the
values necessary for channel maintenance obtained by
other methods, the applicability and limitations of the
minimum values become evident.

Kircher (1981) determined the effective discharge, de-
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fined as the mean of the small range of discharges, that
moves the most sediment during a year, for several sec-
tions along the Platte River. For the area near Overton,
Kircher obtained a value of 40.9 m%s as the effective
discharge for the period 1950-1980. Mean annual dis-
charge for the same period was 39.4 m¥s. The effective
discharge, then, was close to the mean annual discharge.
The effective discharge for the months May to August
for 1950 to 1980 was determined to be 157.7 m¥s, much
greater than the mean annual discharge. The months
May to August were selected, because germination oc-
curs during this period. The effective discharge for this
period should both prevent germination and uproot
small seedlings.

Karlinger and others (1981) applied theoretical equa-
tions developed by Parker (1978) to estimate the dis-
charge necessary for maintaining cross-sectional
characteristics of the Platte River channel. For a reach
near Overton where the width is about 180 m, the neces-
sary discharge was determined to be 107.6 m?s. The
depth corresponding to this discharge was estimated to
be 0.6 m. The discharge necessary to cover the channel
bed at this section, hence the discharge at which the
width- and depth-discharge relations change, is
estimated to be about 22 m?¥s. The value obtained by
Karlinger and others (1981) lies between that obtained
from the width-discharge relation and that determined
by Kircher (1981) as the effective discharge for the
critical germination period.

Crowley (1981) discussed the movement of macro-
forms, bedforms which average 1 to 12 m in height, and
their effect on maintenance of channel width. By
moving downstream, these large bedforms can uproot
vegetation. In order to move, the macroform must be
covered by at least 20 cm of water. For the river near
Overton, approximately 80 m?%s would be required to
move the macroforms. This value is twice the mean an-
nual discharge, and is about three-fourths of the value
obtained from the theoretical equations.

SUMMARY AND CONCLUSIONS

Hydrology and morphology of the Platte River in
south-central Nebraska have changed since settlement
of the river basin (Eschner, Hadley, and Crowley, 1981).
Peak discharges have decreased, and the formerly wide,
open channel has narrowed, as sandbars have become
vegetated and formed permanent islands. These
changes in the Platte River have prompted concern for
the habitat of migratory birds, particularly whooping
cranes and sandhill cranes. This study was undertaken
to compute at-a-station hydraulic geometry at selected
sites, to examine how the relations have changed with
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time, and to determine the significance of the relations
for channel maintenance.

At-a-station hydraulic geometry of the Platte River in
south-central Nebraska is complex. The range of ex-
ponents of simple log-linear relations is large, both be-
tween different reaches of the river, and among different
sectons within a given reach of the river (table 1). The
at-a-station exponents plot in several fields of the b-fm
diagram (fig. 17) suggesting that morphologic and
hydrologic changes with increasing discharge vary con-
siderably. Systematic changes in the plotting positions
of the hydraulic-geometry exponents from simple power
functions with time indicate that the rates of change of
the width, depth, and velocity with increasing discharge
have varied with time. In general, the width exponent
has decreased, although trends are not readily apparent
in the other exponents.

Breaks in the slopes of the width-, depth-, and
velocity-discharge relations at a certain discharge on
plots of the hydraulic-geometry for both data summa-
rized from discharge notes (figs. 4 through 12) and data
from field measurements made for this study (figs. 13,
14, and 15) indicate that simple power functions are not
the proper model in all instances. These breaks in slope
can serve to partition the data sets. Power functions fit
separately to the partitioned data fit the data signifi-
cantly better than simple power functions for several
locations. The exponents of hydraulic geometry rela-
tions based on partitioned data sets indicate the effect
of the range of discharge values. Part of the observed
change in plotting positions on the b-fm diagram of the
exponents from simple power functions results because
the range of discharges for different time intervals is
not the same. Much of the change of plotting positions
is eliminated if the data sets are partitioned.

The shape of the channel cross section and, perhaps,
changes in roughness with increasing discharge account
for the shape of complex hydraulic-geometry relations.
As the channel bed is inundated, width increases rapid-
ly and depth increases slowly. Once the entire channel
bed is covered and the banks are reached, width cannot
increase appreciably but depth can increase rapidly.

Complex at-a-station hydraulic-geometry relations
have significance for channel maintenance and suggest
that existing channel dimensions may be related to
relatively low-magnitude flows. Vegetation must not
become established in the channel if the existing width
is to be maintained. This can be accomplished by
preventing germination of seeds or by uprooting young
established seedlings. The discharge at which the entire
channel bed is covered and at which the width- and
depth-discharge relations change represents a minimum
value for channel maintenance. Although this minimum
discharge may not maintain the channel, discharges
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below this value will afford channel area for seed ger-
mination and thus cannot prevent vegetation establish-
ment. For a given cross section, the discharge at which
the hydraulic geometry relations change is generally
less than annual mean discharge.
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TABLE 2.—Significance levels for at-a-station hydraulic-geometry equations from summarized data
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Platte Distance Period Regression Error Significance
Variable River below gage Testing of n sum of sum of F- level
near: (meters) regression record squares squares statistic 0.10 0.05 0.01 0.001
w Cozad 30 Y on X 1961-1979 30 2469174 0.006662 370.75 x X b4 b4
A\ Cozad 30 YonX 1961-1979 30 0.279886 0.001833 152.95 X b4 X X
D Cozad 30 Yon X 1961-1979 30 3.673960 0.007333 193.21 X X X X
w Cozad 30 Y on X 1961-1963 3 057133 0.00290 196.84 b 4 X
\' Cozad 30 Y on X 1961-1963 3 0.04949 0.000031 1,594.40 b4 X
D Cozad 30 YonX 1961-1963 3 0.14535 0.00353 41.09 X
w Cozad 30 YonX 1964-1969 6 0.15573 0.00960 16.24 x X
v Cozad 30 YonX 1964-1969 6 0.05462 0.00337 16.24 X X
D Cozad 30 YonX 1964-1969 6 0.03028 0.00228 13.32 x x
w Cozad 30 YonX 1970-1979 21 1.09755 0.005369 204.39 x x x x
\' Cozad 30 Yon X 1970-1979 21 0.132768 0.001145 115.45 X X X X
D Cozad 30 YonX 1970-1979 21 0.531339 0.003656 145.33 b4 x X x
w Cozad 45 YonX 1954-1979 30 2.10585 0.01251 168.33 X X b4 b4
Low 8 .59899 .01741 34.40 x b4 b4 X
High 22 38114 .005845 65.21 X x b4 x
v Cozad 45 YonX 1954-1979 30 0.155475 0.008515 18.26 b4 b4 x b:¢
Low 8 .00560 .01163 48
High 22 04997 .00821 6.09 X x
D Cozad 45 Y on X 1954-1979 30 1.01994 0.01442 70.73 X X X b4
Low 8 01542 .00710 2.17
High 22 65535 .01281 51.16 X X X x
W Cozad 45 Y on X 1954-1969 9 1.7758 0.0199 84.49 X X b4 X
Low 5 27336 03425 7.98 b 4 X
High 4 31156 00460 67.75 b4 X X
v Cozad 45 YonX 1954-1969 9 0.1384 0.0101 13.76 b4 X b4
Low 5 .00011 .01826 .01
High 4 .02003 .00028 72.59 X b 4 X
D Cozad 45 YonX 1954-1969 9 0.52064 0.00394 132.25 X b4 X X
Low 5 .02872 03425 .84
High 4 .13875 .00460 30.17 x x
w Cozad 45 YonX 1970-1979 21 0.138480 0.002437 56.82 X X X X
High 18 06605 .00245 26.96 X b4 X b4
v Cozad 45 Yon X 1970-1979 21 0.015929 0.008576 1.86
High 18 .00767 .00973 .79
D Cozad 45 YonX 1970-1979 21 0.704423 0.008997 78.30 X b4 b4 X
High 18 56005 .00963 58.13 x X X x
D Cozad 60 Y on X 1953-1979 73 11.49118 0.01671 687.68 x X X X
Low 25 4.45530 .01960 227.31 X x X X
High 48 56799 .00827 68.69 X X b4 X
v Cozad 60 YonX 1953-1979 73  1.51974 0.01029 147.69 X X b4 X
Low 25 36342 .02412 15.07 b4 x x X
High 48 16379 .00382 42.86 X X X X
D Cozad 60 YonX 1953-1979 73 2.98305 0.01182 252.37 X X X X
Low 25 .15681 .00617 25.40 b 4 X b4 X
High 48 90036 00739 121.88 X X b4 X
w Cozad 60 Yon X 1953-1957 11 2.7491 0.0389 70.56 X X x b4
\' Cozad 60 Yon X 1953-1957 11 0.1933 0.0497 3.88 X
D Cozad 60 Yon X 1953-1957 11 0.16872 0.00335 50.41 X X x X
w Cozad 60 YonX 1958-1963 15 2.0328 0.0158 128.60 b4 X b4 X
\ Cozad 60 Yon X 1958-1963 15 0.20856 0.00334 62.41 x X b4 b'e
D Cozad 60 YonX 1958-1963 15  1.0032 0.0123 81.72 X X b 4 b4
w Cozad 60 YonX 1953-1963 26
Low 15  3.03395 0.02966 102.29 X b4 b:4 x
High 11 .26945 .01690 15.94 x X x
v Cozad 60 YonX 1953-1963 26
Low 15 0.21365 0.03581 5.97 X b4
High 11 02390 00350 6.65 X X
D Cozad 60 Yon X 1953-1963 26
Low 15 0.12763 0.00736 17.33 X b4 X x
High 11 27101 .01106 24.50 X x b4 x
w Cozad 60 Y on X 1964-1969 13  0.93046 0.00483 179.02 b4 X b.4 X
Low 3 .15643 .00649 24.11 X X
High 10 22226 .00126 176.09 X b x x
\" Cozad 60 Y on X 1964-1969 13  0.34010 0.00230 147.62 X X X X
Low 3 .02848 .00909 3.13
High 10 .07628 .00120 63.36 b4 x b4 b4
D Cozad 60 Y on X 1964-1969 13 0.37346 0.00721 51.70 b4 X X X
Low 3 .00268 .00022 12.39 b4
High 10 .26363 .00157 167.44 X X X b 4
w Cozad 60 YonX 1970-1979 34 0.675620 0.007885 85.68 X b.4 X b4
Low 7 15766 .00403 39.06 X b4 b4 x
High 27 .03985 .00445 8.94 X x X
\" Cozad 60 Y on X 1970-1979 34 0125167 0.004224 29.63 x X X X
Low 7 .00006 .00060 .10
High 27 .08001 00462 17.14 X X X X
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Platte Distance Period Regression Error Significance
Variable River below gage Testing of n sum of sum of F- level
near: (meters) regression record squares squares statistic 0.10 0.05 0.01 0.001
D Cozad 60 Y on X 1970-1979 34 0.964612 0.007636 126.32 X X b4 b4
Low 7 .00004 00275 .01
High 27 41468 .00706 58.68 X X X b4
w Cozad 75 Yon X 1961-1979 46 1.585857 0.006428 246.71 b4 b4 X b4
Low 15 21177 .00505 41.99 X X b4 X
High 31 67218 .00580 115.99 X X X X
v Cozad 75 Y on-X 1961-1979 46 0.346376 0.002718 127.44 X X X X
Low 15 .08656 00164 52.85 X b4 X b4
High 31 03916 .00219 17.81 X b X X
D Cozad 75 Yon X 1961-1979 46 1.103953 0.005522 199.92 b4 b4 b4 b4
Low 15 .00106 .00321 .32
High 31 .31658 .00443 71.40 X X X X
w Cozad 75 Y on X 1961-1963 15 0.043926 0.00375 117.07 b4 b4 x X
Low 6 104431 00244 18.15 X X X
High 9 .28454 00198 143.76 X X X X
v Cozad 75 YonX 1961-1963 15 0.3549 0.00195 18.23 X X X b4
Low 6 01336 .00091 14.75 X X
High 9 05634 .00453 12.46 b4 X X
D Cozad 5 Y on X 1961-1963 15  0.22520 0.00371 60.68 X X b4 b4
Low 6 .00757 00075 10.05 X b4
High 9 .00354 00205 1.72
w Cozad 75 YonX 1964-1969 12 1.12738 0.00484 232.87 b4 X X X
Low 5 .10291 .00618 16.65 X X
High 7 .16234 .00347 46.79 b4 X X X
A% Cozad 5 YonX 1964-1969 12 0.18892 0.00135 140.42 X b4 b ¢ b4
Low 5 .02361 .00046 51.55 X X X
High 7 .00575 .00029 19.54 X x x
D Cozad 75 YonX 1964-1969 12 0.34943 0.00526 66.42 b4 X X X
Low *5 00225 100352 .64
High 7 06900 00211 32.60 x X b4
w Cozad 75 YonX 1970-1979 19 0.085085 0.002278 37.35 X X b4 X
High 15 .004352 00249 17.47 X X b4
v Cozad 75 YonX 1970-1979 19  0.132970 0.001599 83.16 b4 b4 b4 b4
High 15 05019 00186 27.04 X X X X
D Cozad 75 YonX 1970-1979 19 0.486102 0.003464 140.33 b4 b4 X X
High 15 14776 00400 36.97 x x x X
w Cozad 120 YonX 1951-1979 153 19.87165 0.01202 1,65322 X X b4 X
Low 63 12.66166 00906 1,397.26 X X b4 X
High 20 25444 00272 93.70 X b4 X X
\" Cozad 120 Y on X 1951-1979 153 2.785591  0.004004 695.70 b4 X X X
Low 63 95552 00746 127.92 X X X b4
High 90 .18221 00153 119.03 X X X X
D Cozad 120 YonX 1951-1979 153 7.799154 0.009340 835.03 b4 X X X
Low 63 1.39596 .00603 231.65 b4 b4 X x
High 90 1.63983 .00243 676.00 X X X X
w Cozad 120 YonX 1951-1963 32 8.4442 0.0129 656.38 X X b4 X
Low 28 5.388868 .01296 415.75 x X X X
v Cozad 120 Y on X 1951-1963 32 0.5925 0.0129 46.10 X b4 X X
Low 28 .29907 01474 20.25 b4 b4 X X
D Cozad 120 YonX 1951-1963 32 1.07189 0.00682 257.25 X X X b4
Low 28 43142 .00661 65.29 X X X X
w Cozad 120 YonX 1964-1969 82 0.34519 0.00272 127.01 X X X X
Low 42 .18675 .00406 45.97 x x x x
High 40 .02623 00153 17.14 X X X X
v Cozad 120 YonX 1964-1969 82 0.39503 0.00078 504.45 b4 X X X
Low 42 02481 .00082 30.36 X X X X
High 40 .04738 .00055 86.68 X X X X
D Cozad 120 Y on X 1964-1969 82 1.66396 0.00208 800.89 X b4 X X
Low 42 11284 .00370 30.47 X b4 b4 b4
High 40 37284 .00092 404.41 b4 b ¢ b4 X
w Cozad 120 YonX 1970-1979 39 0.701922 0.004423 158.70 X x x x
Low 14 11042 .00515 21.44 b4 X X X
High 25 16778 .00218 76.91 X X X X
A% Cozad 120 Yon X 1970-1979 39 0.151930 0.002814 53.99 b4 b4 b4 X
Low 14 .00083 .00256 .32
High 25 14213 .00221 64.32 x b ¢ b ¢ b4
D Cozad 120 YonX 1970-1979 39 1.969314 0.004547 433.10 x x x x
Low 14 .15802 .00327 48.30 X b4 X X
High 25 1.21734 00323 376.75 x X X X
w Overt%n, 30 YonX 1968-1976 14 0.196206 0.006256 31.36 b'e X X X
nort
channel
v Overrt%(l)ln, 30 YonX 1968-1976 14 0.051963 0.001103 47.11 X X X X
no!

channel
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Platte Distance Period Regression Error Significance
Variable River below gage Testing of n sum of sum of F- level
near: (meters) regression record squares squares statistic 0.10 0.05 0.01  0.001
D Ovmn, 30 YonX 1968-1976 14 0.130150 0.004312 30.18 X X b4 X
n
channel
w Overtﬁ:l, 30 YonX 1968-1976 20 0.952106 0.002543 374.40 x x X b4
sou
channel
A" Overt&n, 30 YonX 1968-1976 20 0.0161493 0.0009511 16.98 x b4 b4 X
sou
channel
D Overtﬁ:l, 30 Y on X 1968-1976 20 0.528872 0.002149 246.10 X x b4 b4
sou
channel
w Overton 30 YonX 1961-1968 11  0.67557 0.00997 67.73 X x x X
\' Overton 30 Y on X 1961-1968 11 0.00714 0.00163 4.37 x
D Overton 30 Yon X 1961-1968 11 0.14293 0.00900 1.59
w Overton, 45 Y on X 1968-1976 25 0.326028 0.002975 109.59 b3 x b4 x
north Low 10 03135 .00533 5.86 b4 b4
channel High 15 01072 .00108 9.92 X X X
v Overton, 45 Yon X 1968-1976 25  0.142227 0.001261 112.79 b4 b4 b4 x
north Low 10 05074 .00159 31.92 b4 x X x
channel High 15 01344 00070 19.18 X b4 b4
D Overton, 45 YonX 1968-1976 25 0.28635 0.003402 84.17 x x X b4
north Low 10 03162 .00696 4.54 X
channel High 15 .06995 .00101 69.22 X X X b
w Overton 45 YonX 1961-1963 7  0.47005 0.00759 61.94 x x x x
A" Overton 45 Y on X 1961-1963 7 0.00128 0.00592 21
D Overton 45 YonX 1961-1963 7 0.01013 0.00142 713 x b4
w Overton, 60 YonX 1968-1976 53  0.680470 0.004211 161.59 x x x x
north Low 20 .21689 .00700 31.02 X x b4 b4
channel High 33 .00064 .00134 .48
v Overton, 60 YonX 1968-1976 53 0.203593 0.001548 131.52 b4 x b4 x
north Low 20 .00762 .00043 9.73 x x b4
channel High 33 17.72 x X X x
Overton, 60 Y on X 1968-1976 53 0.541680 0.004389 123.42 x b4 x x
north Low 20 05723 .00703 8.12 X b4
channel High 33 17544 00125 139.95 X x x x
w Overton 60 Y on X 1954-1968 46 2.12162 0.00878 241.80 x b4 x b4
Low 16 .02629 01214 2.16
High 30 3977 .00357 111.30 x b3 x x
A" Overton 60 YonX 1954-1968 46 0.11113 0.00301 36.97 X X X b4
Low 16 00014 00424 .03
High 30 09061 .00204 44.49 b4 b4 X X
D Overton 60 YonX 1954-1968 46  0.19631 0.00610 32.15 x x X b4
Low 16 .03116 .00921 3.39 x
High 30 .18349 .00292 62.88 X X b4 b4
W Overton 60 Y on X 1954-1963 18 1.57824 0.00813 194.04 b4 b4 b4 X
Low 7 .02303 01267 1.82
High 11 .20046 .00215 93.32 X X X X
A" Overton 60 YonX 1954-1963 18 0.05105 0.00130 39.44 x x b4 b4
Low 7 .00071 .00098 72
High 11 03467 .00097 35.64 b4 X x X
D Overton 60 YonX 1954-1963 18 0.05669 0.00479 11.83 X X b4
Low 7 .00033 .00846 .04
High 11 .05523 00173 32.04 X x X X
w Overton 60 YonX 1964-1968 28 0.67519 0.00465 145.20 b4 x x b4
Low 9 .00608 .00080 7.56 x X
High 19 12427 00449 27.67 x b4 b4 x
A" Overton 60 YonX 1964-1968 28  0.04065 0.00362 11.22 b4 b4 X
Low 9 .00007 00617 .01
High 19 02435 .00278 8.76 x x x
D Overton 60 YonX 1964-1968 28 0.11258 0.00515 21.90 x x x b4
Low 9 05027 00479 10.50 x x
High 19 .07082 00375 18.92 X b4 X x
w Overton 75 Y on X 1962-1968 51  0.85980 0.00436 197.20 b4 b4 b4 x
Low 17 .17490 .00492 35.52 b4 X b4 b4
High 34 21246 003344 61.78 X x x X
v Overton 75 YonX 1962-1968 51  0.27048 0.00234 115.59 X b4 x b4
Low 17 .00246 .001129 2.19
High 34 .14042 .00258 54.46 X X X X
D Overton 75 YonX 1962-1968 51  0.20581 0.00290 70.97 b4 X b4 b4
Lo 17 00573 .00357 1.61

W .
High 34 07405 .00267 27.77 x x X
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Platte Distance Period Regression Error Significance
Variable River below gage Testing of n sum of sum of F- level
near: (meters) gressi record squares squares statistic 0.10 0.05 001  0.001
w Overton, 75 YonX 1968-1976 8 0.0012756 0.0005457 2.34
north
channel
\" Overrt&n, 75 YonX 1968-1976 8 0.0368640 0.0006871 53.65 b4 x X X
no!
channel
D Ove:)rrt&n. 75 YonX 1968-1976 8 0.0447134 0.0003512 127.32 X b4 b'e X
n
channel
w Overton. 75 Yon X 1962-1963 8 0.05917 0.00877 6.76 X x
\'A Overton 75 Y on X 1962-1963 8 0.02833 0.00061 46.79 x x X X
D Overton 75 Y on X 1962-1963 8 0.04782 0.00540 8.88 x X
w Overton 75 Y onX 1964-1968 43  0.79032 0.00370 213.74 b'e x X X
Low 13 11570 .00296 39.19 X b ¢ X X
High 30 20058 .00355 56.55 be b ¢ X X
\' Overton 75 YonX 1964-1968 43  0.24402 0.00266 91.78 X b4 X X
Low 13 .00050 00120 .50
High 30 13332 .00285 46.79 b'e b4 X X
Overton 75 YonX 1964-1968 43 0.16379 0.00253 64.64 x X be be
Low 13 .00615 .00265 2.31
High 30 .05425 .00264 20.52 X X X X
w Overton, 90 YonX 1968-1978 33 0.281233 0.003713 75.74 X X X X
north Low 10 .06885 .00167 41.09 x b 4 x x
channel High 23 02127 .00307 6.92 X x
\' Overton, 90 YonX 1968-1978 33 0.178685 0.001486 120.25 b4 x X X
north Low 10 .00381 .00114 3.31
channel High 23 09554 00121 78.85 X x X X
D Overton, 90 Y on X 1968-1978 33 0.530304 0.001724 307.60 X x x x
north Low 10 .00595 00157 3.80 x
channel High 23 17726 00142 124.99 X b4 X X
w Overt&n, 90 YonX 1968-1978 23  0.25592 0.01347 19.00 X b4 X X
sou
channel
\' Overttohn, 90 YonX 1968-1978 23 0.143793 0.003713 38.73 X b4 X b3
sou
channel
D Overttohn, 90 YonX 1968-1978 23 0.178088 0.009934 17.93 X X X X
sou
channel
w Overton 90 YonX 1962-1968 160 2.71652 0.00421 645.25 x X X X
Low 75 1.15854 00546 212.28 x X b'e X
High 85 03305 00076 43.56 b 4 X X X
\' Overton 20 Y onX 1962-1968 160 0.51750 0.00152 340.46 x X X X
Low 75 03573 .00201 17.72 b4 X x x
High 85 .04231 .00088 47.89 x b4 x x
D Overton 90 Y on X 1962-1968 160 1.24976 0.00426 293.37 x x X X
Low 7% .06586 .00606 10.89 x X X
High . 85 29093 00140 207.65 b4 X X X
w Overton 90 Y on X 1962-1963 41  0.80779 0.00549 147.14 X b4 x X
Low 22 54046 .00400 135.26 b4 X X X
High 19 .00309 .00031 9.92 X x
\' Overton 90 YonX 1962-1963 41  0.11225 0.00107 105.06 b4 x x x
Low 22 .00893 .00134 6.71 b4 X
High 19 01487 .00045 33.41 b ¢ b X X
D Overton 20 Y on X 1962-1963 41  0.28229 0.00363 71.79 b 4 X b4 X
Low 22 .00141 00274 52
High 19 .06553 00072 91.58 X x x x
w Overton 20 Y on X 1964-1968 119 1.90815 0.00380 501.76 b4 X X X
Low 53 63762 .00581 109.83 x X X X
High 66 03121 .00088 35.52 x be X X
A" Overton 90 YonX 1964-1968 119 0.40611 0.00168 241.49 b4 X X x
Low 53 .02596 .00232 11.16 X x x
High 66 02836 .00101 27.98 X X b'd X
D Overton 90 YonX 1964-1968 119 0.96578 0.00453 213.45 b4 X X X
Low 53 .08278 .00724 11.42 b4 X b'q
High 66 .22458 .00161 139.24 X b4 x x
w Odessa 60 YonX 1962-1979 55 8.280655 0.006983 1,185.83 X X X X
Low 38  3.79507 .00929 408.85 X x x x
High 17 01874 .00133 14.06 b4 be X
A" Odessa 60 Y on X 1962-1979 556 0.469099 0.004171 112.47 b4 be X X
Low 38 25506 .00447 57.00 b4 X X X

High 17 .00091 .00360 25
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Platte Distance Period Regression Error Significance
Variable River below gage Testing of n sum of sum of F- level
near: (meters) regression record q q tatistic 010 005 001 0.001
D Odessa 60 Y on X 1962-1979 55 1.03098 0.01269 81.24 x b4 x x
Low 38 .29176 01567 18.58 X x X X
High 17 041148 00464 8.88 X b4 b4
w Odessa 60 Y on X 1962-1963 26 5.39766 0.00600 900.00 b4 x b4 b4
Low 15 2.55189 .00901 283.25 b4 b4 X X
High 11 00632 00133 4.75 X
v Odessa 60 Yon X 1962-1963 26 0.39093 0.00339 115.56 b4 b4 X X
Low 15 .18391 .00606 30.36 x be X X
High 11 00546 .00012 45.70 X x X X
D Odessa 60 YonX 1962-1963 26 0.21598 0.00846 25.50 x x x x
Low 15 05000 01351 3.69 X
High 11 .00907 00137 6.66 X X
w Odessa 60 Yon X 1964-1969 19 1.66754 0.00521 320.05 X X X X
A\ Odessa 60 Yon X 1964-1969 19  0.06890 0.00368 18.66 X X X X
D QOdessa 60 YonX 1964-1969 19 04186 0.0101 41.47 x X x x
W Odessa 60 YonX 1970-1979 10 0.325985 0.006496 50.18 x x x x
\'% Odessa 60 YonX 1970-1979 10 0.018275 0.005656 3.23
D QOdessa 60 YonX 1970-1979 10 0.22677 0.01112 20.39 X X b4
w Odessa 7% Y on X 1961-1979 60 8.185083 0.006655 22991 X X X X
Low 40 6.11130 .00952 641.61 X X X x
High 20 .00355 .00058 6.10 X X
\' Odessa 5 Y on X 1961-1979 60 0.858114 0.004192 204.70 X X X X
Low 40 74553 00544 137.12 X X X b3
High 20 .00201 .00080 2.53
Odessa 75 Y on X 1961-1979 60 0.934258 0.005211 179.29 X X X X
Low 40 47876 00594 80.64 X X x X
High 20 01641 00087 18.84 b'e b4 X X
w Odessa 75 Yon X 1961-1963 9 34736 0.0148 235.32 b4 x b4 X
\' QOdessa 75 YonX 1961-1963 9 05731 0.0146 39.19 b4 x x X
D Odessa 5 Y on X 1961-1963 9 0.25476 0.00424 60.06 x X x b4
w Odessa 75 Y on X 1964-1969 45  2.74704 0.00482 569.78 X X x x
Low 27 1.91408 .00706 271.26 X x x X
High 18 .00329 .00065 5.02 X x
\% Odessa 75 YonX 1964-1969 45 0.16580 0.00120 138.53 x x x X
Low 27 .00395 00154 73.79 X b4 X X
High 18 .00109 00075 1.44
D Odessa 75 YonX 1964-1969 45 0.57759 0.00417 138.53 x x x X
Low 27 25188 .00553 45.56 X x x X
High 18 .01842 .00083 22.28 X x x x
W QOdessa 75 YonX 1970-1979 6 0300151 0.005752 52.18 X x X
v Odessa 75 YonX 1970-1979 6 0.013869 0.001560 8.89 b ¢ X
D Odessa 75 YonX 1970-1979 6 0088113 0.004935 17.85 X X
w Odessa 90 Y on X 1953-1979 187 26.01329 0.00751 3,463.82 X X X X
Low 66 16.14536 .01115 1,448.56 X b:d X b4
High 121 14149 .00258 54.91 X x x b4
\' QOdessa 90 Y on X 1953-1979 187 2.067655 0.001675 1,234.42 X X X X
Low 66 95615 .00221 432.64 X X X X
High 121 .06631 00136 48.86 x x X X
D Odessa 90 YonX 1953-1979 187 2.925669 0.006222 470.21 X X X X
Low 66 .82710 .00838 98.80 X X x x
High 121 34679 .00283 122.54 x b'4 X X
w Odessa 20 YonX 1953-1963 45 17.0072 0.0053 3,188.86 x x x x
Low 18 7.46218 00899 829.44 x X X b4
High 27 01986 00144 13.79 X X X
\' Odessa 90 Y on X 1953-1963 45 1.19649 0.00353 338.93 x b4 b4 X
Low 18 .57036 .00333 171.09 x x b4 X
High 27 .00796 .00373 2.13
D Odessa 90 YonX 1953-1963 45 1.64721 0.00739 222.90 X X X X
Low 18 45667 .00881 51.84 x b'e X X
High 27 .08951 .00428 20.88 x b4 x X
w Odessa 90 Y on X 1964-1969 134 4.563298 0.00701 646.68 X X X X
Low 43  2.52567 01216 207.65 X X X X
High 91 08429 .00185 45.70 X X X X
\' QOdessa 90 YonX 1964-1969 134 0.576022 0.00093 619.01 X X x b4
Low 43 11170 00155 72.25 X X X X
High 91 07122 .00050 143.28 x b 4 X X
D Odessa 90 Y on X 1964-1969 134 0.94740 0.00487 194.32 X b 4 X X
Low 43 07312 .00827 8.82 X X b'e
High 91 .26072 .00170 153.02 X b4 x x
\'% Odessa 90 YonX 1970-1979 8 0926422 0.003596 257.63 X X X X
\' Odessa 90 YonX 1970-1979 8 0.1065735 0.0007208 147.85 X X X X
D Odessa 90 YonX 1970-1979 8 0.401328 0.004560 88.01 b4 X b3 b3




Interpretation of Sediment Data for
the South Platte River in Colorado

and Nebraska, and the North Platte
and Platte Rivers in Nebraska

By JAMES E. KIRCHER

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

GEOLOGICAL SURVEY PROFESSIONAL PAPER 1277-D

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON: 1983






CONTENTS

Page

Abstract D1 | Bed material
Introduction 1 | Total sediment discharge
Acknowledgments 1 | Comparison of total sediment discharge methods ———--—--—-—
Physical setting 1 | Mean-daily sediment discharge --—-—~——-———-———— -
Data collection ———- 3 | Summary - —
Suspended sediment --- -_— 3 | References cited
Bedload 3 | Summary of data -

ILLUSTRATIONS

FIGURE

1. Map showing location of sediment-data stations along the North Platte, South Platte, and Platte Rivers. ——~-————=——~-—-
2-29. Graphs showing:

SO

=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Variation in sediment size with distance downstream for the North Platte and Platte Rivers, August 1979. ——--~-——
Variation in local channel slope with distance downstream for the North Platte and Platte Rivers. —-—~--~-~-————-
Variation in median bed-material size with discharge for the Platte River near Overton, Nebraska. --——-—---——~——-
Variation in median bed-material size with discharge for the Platte River near Grand Island, Nebraska. -----------
Relations between water and measured total sediment discharges for the North Platte, South Platte, and Platte
Rivers, ~——————— -
Relation of total sediment discharge in individual size class as a function of total sediment discharge: 0.062- to
0.125-millimeter size class. -
Relation of total sediment discharge in individual size class as a function of total sediment discharge: 0.125- to
0.250-millimeter size class.
Relation of total sediment discharge in individual size class as a function of total sediment discharge: 0.250- tq
0.500-millimeter size class. -—= e
Relation of total sediment discharge in individual size class as a function of total sediment dlscharge: 0.500- to
1.000-millimeter size class. ———
Relation of total sediment discharge in individual size class as a function of mta] sediment dlscharge 1.000- to
2.000-millimeter size class.
Relation of total sediment discharge in individual size class as a function of total sedunent discharge: 2.000- to
4.000-millimeter size class. -—--
Relation of total sediment discharge in individual size class as a functlon of total sediment discharge: 4.000- to
8.000-millimeter size class. -
Relation of total sediment discharge in individual size class as a function of total sediment discharge: 8.000- to
16.00-millimeter size class. --~-—-—-—~~————— oo
Comparison of sediment discharges computed by the modified Einstein procedure for an individual partxcle—s1ze class
with corresponding measured sediment discharges for the class; 0.062- to 0.125-millimeter size class. -~—--—-~-
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 0.125- to 0.250-millimeter size class. -—------
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 0.250- to 0.500-millimeter size class. --------
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 0.500- to 1.000-millimeter size class, --------
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 1.000~ to 2.000-millimeter size class. ---~----
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 2.000~ to 4.000-millimeter size class. -~—--~----
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 4.000~ to 8.000~millimeter size class. ~--~----
Comparison of sediment discharges computed by the modified Einstein procedure for an individual particle-size class
with corresponding measured sediment discharges for the class; 8.000~ to 16.00~millimeter size class. ~--~----
Comparison between total sediment discharges computed by the modified Einstein procedure and measured total
sediment discharges.

11

S oo

-3

10

11

12

13

14

15

15

16

17

17

18

18

19

19

20



v

FIGURE

TABLE

DD

o

10.
11.
12.
13.
14.
15.
16.

. Number and name of sediment-data stations.
. Water-sediment discharge relations, derived by log-linear regression, for selected Platte River stations. ----------=c——--
. Coefficients and statistics for linear regression equations of log-transformed values of measured total sediment discharge by

CONTENTS

24. Comparison between total sediment discharges computed by the Colby method and measured total sediment

discharges.
25. Comparison between total sediment discharges computed by Colby’s method and total sediment discharges com-

puted by the modified Einstein procedure.
26. Flow-duration curve for the North Platte River at North Platte, Nebraska (1941-79).
27. Flow-duration curve for the South Platte River at North Platte, Nebraska (1941-79).
28. Flow-duration curve for the Platte River near Overton, Nebraska (1950-79).
29. Flow-duration curve for the Platte River near Grand Island, Nebraska (1935-79).

TABLES

size class versus measured total sediment discharge.

. Coefficients and statistics for linear regression equations of log-transformed values of total sediment discharge by the

modified Einstein procedure by size class versus total sediment discharge by the modified Einstein procedure. ~—-----

. Coefficients and statistics for linear regression equations of log-transformed values of measured bedload discharge by size

class versus total measured bedload discharge.

. Coefficients and statistics for linear regression equations of log-transformed values of unmeasured-sediment discharges

computed by the modified Einstein procedure by size class versus total unmeasured-sediment discharge. -----~-----

. Coefficients and statistics for linear regression equations of log-transformed values of sediment discharges in different size

classes computed by the modified Einstein procedure and from measured sediment discharges.

. Summary of mean-daily water discharge and measured total sediment discharge at four gaging stations. ~-------——-----
. Comparison of mean-daily sediment discharges obtained by varying the number of subdivisions of the flow-duration curve

for the Platte River near Overton, Nebraska.
Summary of water-discharge measurements.
Summary of measured sediment-transport data.
Grain-size distribution of suspended sediment.
Grain-size distribution of bedload.
Statistical data, grain-size distribution of bedload.
Grain-size distribution of bed material.
Statistical data, grain-size distribution of bed material.

Page

D21

21
22
22
23
23

16

16

16
24

24
29
30
31
32
33
34
36



HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

INTERPRETATION OF SEDIMENT DATA FOR THE
SOUTH PLATTE RIVER IN COLORADO AND NEBRASKA, AND THE
NORTH PLATTE AND PLATTE RIVERS IN NEBRASKA

By JAMES E. KIRCHER

ABSTRACT

Sediment data were collected on the South Platte, North Platte,
and Platte Rivers during the 1979 and 1980 runoff seasons for a
determination of quantity and distribution of sediment in the basin.
These data show a decrease in median bed-material size in a down-
stream direction, except near Overton, Nebraska, where an increase
in size corresponds to an increase in local slope. The median grain size
varies little with increasing discharge at two stations along the Platte
River.

Measured suspended sediment and bedload discharges were com-
bined for a determination of total sediment discharge at four locations
in the Platte River basin. The measured total sediment discharge was
then compared to the total sediment discharges computed by the
modified Einstein procedure and Colby method. This comparison was
made by size class and total load for all size classes; it showed very
close agreement indicating that field conditions in the Platte River
approximate the principles of the two computational methods.

The measured total sediment discharge was then used for the com-
putation of mean daily sediment discharge at four stations in the
basin. The mean daily sediment discharges at the four locations were:
(1) 597 metric tons per day for the North Platte River at North Platte,
Nebraska; (2) 307 metric tons per day for the South Platte River at
North Platte, Nebraska; (3) 1,100 metric tons per day for the Platte
River near Overton, Nebraska; and (4) 1,130 metric tons per day for
the Platte River near Grand Island, Nebraska.

INTRODUCTION

The Platte River is one of the most important rivers
of the Great Plains—a source of irrigation water for
agriculture and the unique habitat for several species of
migrating waterfowl. Ongoing channel and hydraulic
changes along the Platte River and its tributaries
(Kircher and Karlinger, 1981) caused concernt among
wildlife and agricultural managers. Therefore, predic-
tion of channel response to anticipated changes in
hydraulic factors and the determination of discharges
required to maintain a channel of specified or existing
cross-sectional properties are critical to management
schemes. The prediction of channel response can aid
managers in the planning of future projects.

Effective evaluation of management plans requires in-
formation on sediment transport in the Platte River.
This investigation was undertaken to determine the
quantity and distribution of sediment in transport in
the Platte River basin. Data presented in this report
were collected in 1979 and 1980. Data collected were
used to determine suspended-sediment discharges, bed-
load discharges, bed-material sizes, and total sediment
discharges at several locations in the basin. Changes in
bed-material size in a downstream direction were also
determined along the North Platte and Platte Rivers.
Sediment-water-discharge relations and information on
bed-material size can be used by resource managers,
hydrologists, and other earth scientists to better
understand and accommodate the process of sediment
discharge in the basin. This information on the sedi-
ment characteristics of the river can be used with ex-
isting techniques to obtain an estimate of the discharge
necessary to maintain a specified channel size.
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PHYSICAL SETTING

The South Platte and North Platte Rivers originate
as snowmelt streams in the Rocky Mountains of Colo-
rado, flowing across the Great Plains to form the Platte
River at their confluence at North Platte, Nebraska
(fig. 1 and table 1). Total drainage area of the South

Platte River is about 62,900 km? (square kilometers) and
D1
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INTERPRETATION OF SEDIMENT DATA

TABLE 1.—Number and name of sediment-data stations

Station us.
No. Geological Station
in Survey name
figure 1  station No.

1 06691000 North Platte River near Sutherland, Nebraska
2 06693000 North Platte River at North Platte, Nebraska
3 06754000 South Platte River near Kersey, Colorado
4 06758500 South Platte River near Weldona, Colorado
5 06760000 South Platte River at Balzac, Colorado
6 06764000 South Platte River at Julesburg, Colorado
7 06765500 South Platte River at North Platte, Nebraska
8 06766000 Platte River at Brady, Nebraska
9 06766500 Platte River near Cozad, Nebraska

10 06768000 Platte River near Overton, Nebraska

11 06770000 Platte River near Odessa, Nebraska

12 06770500 Platte River near Grand Island, Nebraska

13 06772600 Platte River near Central City, Nebraska

14 06772800 Platte River near Clarks, Nebraska

15 06772850 Platte River near Silver Creek, Nebraska

16 06774000 Platte River near Duncan, Nebraska

17 06794700 Platte River near Schuyler, Nebraska

18 06796000 Platte River near North Bend, Nebraska

19 06796500 Platte River near Fremont, Nebraska

20 06796550 Platte River near Venice, Nebraska

21 06805500 Platte River near Louisville, Nebraska

the river is about 720 river km (kilometers) long (Ben-,
tall, 1975, p. 6). The North Platte River drains approxi-
mately 80,000 km? and is about 1,050 km long.

The area studied includes a 380 river-km reach of the
South Platte River from Kersey, Colorado to North
Platte, Nebraska; a 86 river-km reach of the North
Platte River from Lake McConaughy near Ogallala,
Nebraska to the confluence with the South Platte River;
and a 460 river-km reach of the Platte River from North
Platte to Louisville, Nebraska. The major emphasis of
the study was the 120 river-km reach between Lexing-
ton and Chapman, Nebraska; this reach was designated
by the U.S. Fish and Wildlife Service as the habitat of
several species of endangered migratory waterfowl.

DATA COLLECTION

Sediment data were collected at twenty-one locations
along the North Platte, South Platte, and Platte Rivers
(fig. 1 and table 1). Primary station identification is the
eight digit U.S. Geological Survey station number;
however, station numbers used in this report (fig. 1 and
tables 10 to 16 (see Summary of Data section at end of
report) were assigned to each station with higher
numbers in downstream direction (Kircher, 1981a).

Sampling stations were located at bridge crossings
for convenience of sampling at high flows. Sampling
was done from May through September to insure that
observations were made for a variety of bed and
hydraulic conditions. Frequency and type of sampling
were variable among stations. Bed-material samples

D3

were collected at all locations, but water-discharge,
suspended-sediment, and bedload measurements were
made at only a few of the locations (tables 10 to 16)
within and near the reach of river designated as critical
habitat by the U.S. Fish and Wildlife Service.

SUSPENDED SEDIMENT

Suspended sediment is that sediment carried in s.s-
pension by the turbulent components of streamflow.
Samples were collected by depth-integrating with either
a DH-48 or D-74 suspended-sediment sampler accord-
ing to the equal-width increments method (Office of
Water-Data Coordination, 1977). Fifteen to twenty
verticals were sampled to determine the average
discharge-weighted concentrations (table 11) and
particle-size distribution (table 12) of the sediment in
the streamflow. Suspended-sediment discharge (in
metric tons per day) was computed as the product of the
discharge-weighted concentration (in milligrams per
liter), the water discharge (in cubic meters per second),
and a units conversion constant, 0.0864 (table 11).

BEDLOAD

Bedload is the material moving on or near the stream-
bed by rolling and sliding, and sometimes making brief
excursions into the flow a few particle diameters above
the bed. Bedload particles move in a series of steps in-
terrupted by periods of no motion. A particle moves
whenever the lift and drag forces produced by the flow
or the impact of another moving particle overcome the
resisting forces and dislodge the particle. Movement of
bedload particles deforms the bed and produces bed
forms, which, in turn, affect flow and bedload transport.
Because bed forms and other factors influence bedload
transport even in steady flow, bedload discharge fluc-
tuates with time at a point and varies substantially
from one point to another over the bed.

Bedload was measured at several different stations in
the study reached during the summers of 1979 and 1980
using a Helley-Smith bedload sampler (Helley and
Smith, 1971). The measurements supplement sus-
pended-sediment measurements, and enabled a calcula-
tion of total sediment discharge. Procedures for the col-
lection of bedload samples are described by Emmett
(1980). Channel width was divided into at least 20 in-
crements of equal width. Bedload was measured twice
at the midpoint of each increment to define the average
bedload discharge for the cross section (tables 13 and
14).
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BED MATERIAL

Bed-material samples were collected at all twenty-one
stations using a BMH-60 (Guy and Norman, 1970).
Size distributions of the samples were determined to
define the change in bed-material size in a downstream
direction, and to compute total sediment discharge. By
giving each sample a weight proportional to the incre-
ment of channel width it represents, a weighted mean
grain-size distribution for each station was calculated
(table 15). A statistical summary of grain-size distribu-
tions, expressed as grain diameters at given percent-
finer values, is presented in table 16.

Median grain diameter (D,,), defined as the size for
which half the material, by weight, is finer and half is
coarser, changes in a systematic way downstream. On
the basis of synoptic sampling in August 1979, the me-
dian diameter apparently decreases in the North Platte
River downstream to the confluence of the North Platte
and South Platte and increases in the Platte River from
that point downstream to Overton, where it reaches its
maximum; from Overton, the median diameter de-
creases in the downstream direction (fig. 2). The in-
crease in median diameter in the reach of the Platte
River upstream from Overton coincides with an in-
crease in the slope of the river channel in the same reach
{fig. 3). The increased slope may be due to the influx of
coarser sediment from the South Platte River, or to
widening of the channel caused by the addition of flow
from the large powerplant return canal between Brady
and Overton, or a combination of both (T. R. Eschner,
U.S. Geological Survey, written commun., 1981). Error
bars in figure 2 were calculated by computing the me-
dian bed-material size for the cross section from dif-
ferent numbers of samples. The number of samples per
cross section was varied from 2 to 15 samples and then
each weighted again to arrive at median bed-material
sizes. These error bars are shown to give the reader an
indication of the variation in gradation curves that can
be observed, if fewer cross-section samples are collected
than were used in this report. The line drawn between
stations passes through median particle size computed
from the maximum number of samples, based on Hub-
bell's (1956) statement that numerous samples in a
cross section should be collected to obtain a represent-
ative sample. The error bars indicate that any future
sampling for particle sizes should be based on numerous
samples in a cross section. Plots of median grain size
versus water discharge for the Platte River show that
the median diameter decreases somewhat with increas-
ing discharge at Overton (fig. 4), but that no trend is ex-
hibited at Grand Island (fig. 5).

TOTAL SEDIMENT DISCHARGE

Total sediment discharge was computed using three
different methods for four sites on the North Platte,
South Platte, and Platte Rivers between North Platte
and Grand Island, Nebraska. The methods are: (1) Addi-
tion of the measured suspended-sediment and bedload
discharges; (2) the modified Einstein procedure (Colby
and Hembree, 1955); (3) and addition of the measured
suspended-sediment discharge and unmeasured sedi-
ment computed by a graphical method presented by
Colby (1957); this third method is hereinafter called the
Colby method. Sediment discharge computed by the
three methods were compared to see if all three provided
similar rates at Platte River cross sections. The four
sites chosen for the comparisons were: (1) North Platte
River at North Platte, Nebraska; (2) South Platte River
at North Platte, Nebraska; (3) Platte River near Over-
ton, Nebraska; and (4) Platte River near Grand Island,
Nebraska.

Adding the measured suspended-sediment discharge
and the bedload discharge measured with a Helley-
Smith bedload sampler may produce an erroneous
estimate of total sediment discharge, because part of
the suspended-sediment discharge in the “unsampled
depth” (bottom 0.091 m (meter)) is accounted for in both
the measured suspended-sediment discharge and the
measured bedload discharge. In the calculation of
measured suspended-sediment discharge, the measured
suspended-sediment concentration is multiplied by the
entire water discharge. Hence, part of the suspended
sediment in the bottom 0.091 m of flow is included in
the measured suspended-sediment discharge. Sus-
pended material, in the ‘“‘unsampled depth” coarser
than 0.25 mm also is trapped in the Helley-Smith
sampler. Measured suspended-sediment discharges for
the North Platte, South Platte, and Platte Rivers were
adjusted to represent only the suspended-sediment
discharge in the sampled depth, by multiplying
measured rates by the fraction of flow in the sampled
depth (Colby and Hembree, 1955). The corrected
suspended-sediment discharge then was added to the
measured bedload discharge to estimate total sediment
discharge.

The modified Einstein procedure (Colby and Hem-
bree, 1955) is a method for computing total sediment
discharge from suspended-sediment samples and other
relevant data. Data required for the modified Einstein
procedure are obtained from a single cross section and
include the mean velocity, stream width, mean depth at
sampled verticals, concentration, and size distribution
of the measured suspended-sediment, size distribution
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of the bed material, and water temperature. From these Colby’s (1957) graphical method for estimating the
data, sediment discharge for each sediment size class | unmeasured sediment discharge consists of several em-
can be determined and summed to obtain a total sedi- | pirical relationships based on some of the same stream
ment discharge for the entire range of sediment sizes. measurement data employed in developing the modified
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Einstein method. The graphical method is simple to ap- | unmeasured sediment discharge is very sensitive to
ply; however, it does not give a breakdown of the un- | changes in velocity.

measured sediment discharge into size fractions, and re- Application of the graphical method requires mean
quires a precise determination of mean velocity, because | stream velocity, stream width, mean depth, and meas-



ured suspended-sediment concentrations of sand par-
ticles. Size distribution of bed material is not needed.
From these measured values, an estimate of the
unmeasured-sediment discharge is made. The unmeas-
ured sediment discharge then is added to the measured
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suspended-sediment discharge to obtain the total sedi-
ment discharge according to the Colby method.

Total sediment discharges calculated by all three
methods were used to define water-sediment discharge
relations for the four stations—except for the South

TABLE 2.—Water-sediment discharge relations, derived by log-linear regression, for selected Platte River stations
(Qs. sediment discharge in metric tons per day; Q, water discharge in cubic meters per second; In, natural logarithm of function]

U.S. Geological Type of Number
Survey station Station name Regression equation* equation of
number (see footnotes) data points
06693000 North Platte River at North Platte, Nebraska In(Q ) =2.45 + 1.29 1) 5
ln(8s =244 +1.39 (2) 5
In(@Q) = 1.77 + 1.58 (3) 3
06765500 South Platte River at North Platte, Nebraska In(@Q ) = 2.55 + 1.32 1) 7
In(@) =272 + 1.32 (2) 7
06768000 Platte River near Overton, Nebraska In(@Q) =212 +1.29 (1) 7
In(Q) = 2.23 + 1.27 (2) 1
In(@) =174+ 1.36 (3) 4
06770500 Platte River near Grand Island, Nebraska In(@Q)=2.34 + 1.26 (1) 8
In(@Q) = 2.74 + 1.19 (2) 8
In =144+ 1.45 (3) 6
*The dependent variable in the regression equation is:
(1) Total d sedi discharge.
(2) Total sediment discharge computed using the Colby (1957) method.
(3) Total sediment discharge computed using the modified Einstein method (Colby and Hembree, 1955).
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Platte River at North Platte, where sufficient data were
not available for the modified Einstein procedure;
curves were defined by least-squares regression on the
log-transformed data. Equations of these curves are
presented in table 2. The measured total sediment
discharge relations are presented in figure 6 (Kircher,
1981b) for all four stations for a comparison of station
variability.

COMPARISON OF TOTAL SEDIMENT
DISCHARGE METHODS

The three total sediment discharge methods were
compared to determine if they all could be applied to the
Platte River system, because some methods are more
simple to use than others. Total sediment discharges
computed by the modified Einstein procedure were first
compared to measured total sediment discharges by in-
dividual size classes. Relations expressing the total
sediment discharge in each particle-size class as func-
tions of total sediment discharge were determined for
both the measured total sediment discharge and the
modified Einstein total sediment discharge. A least-
squares linear regression of the log-tranformed data was
used to obtain an equation for each size class from 0.062
to 16.00 mm. The equation obtained is of the form:

In(g,) = A + B (In(Q,)) (1)

where In = natural logarithm,
gs =total sediment discharge by size class in
metric tons per day, and
Q, =total sediment discharge, in metric tons per
day.

Regression equations and statistics are presented in
table 3 for measured total sediment discharge and in
table 4 for the modified Einstein total sediment
discharge. The ratio Y/X is included in these tables. It
is the ratio of the mean of the dependent variable to the
mean of the independent variable, computed prior to
transforming the data. This ratio gives an indication of
what percentage of the total sediment transport is in
each size class. Mean percentages will not add to 100,
because the sediment transport finer than 0.062 mm is
not included, and also because the mean value of total
bedload is variable. Graphs showing individual data
points for various particle-size classes together with the
least-square line, are presented in figures 7 to 14. The
least-square lines are also shown except where the coef-
ficient of determination (r*) was less than 0.50. The
modified Einstein total sediment discharge data were
omitted for the size classes 4.000 to 8.000 mm because

TaBLE 3.—Coefficients and statistics for linear regression equations of
log-transformed values of measured total sediment discharge by size
class versus measured total sediment discharge.

[qs,botdsedimentdixhagehemhsizedass;Qs,wtdsedhnentdhchmge;h,mwm

logarithm]
Inig )=A+BlniQ )

Particle-size Number of ——

class data points A B r SE Y/IX
(millimeters) (log units) (percent)
0.062- 0.125 17 - - - - 547
125~ .250 17 —3.38 1.16 784 064 16.69
.250- .500 17 —1.42 977 89.5 35 2285
.500- 1.000 17 —-1.35 945 914 31 1721
1.000- 2.000 17 —2.22 998 874 40 1107
2.000- 4.000 17 -352 110 82.6 53 713
4.000- 8.000 17 —519 122 79.3 .66 3.84
8.000-16.000 17 -17.9 2.58 56.1 2.36 1.10

TABLE 4.—Coefficients and statistics for linear regression equations of
log-transformed values of total sediment discharge by the modified
Einstein procedure (Colby and Hembree, 1955) by size class versus
total sediment discharge by the modified Einstein procedure.

[g,- total sediment discharge in each size class; Q, total sedi discharge; In, natural

logarithm]
Ing )=A+B(n(Q )

Particle-size Number of P

class data points A B r SE Y/X
(millimeters) (log units)  (percent)

0.062- 0.125 17 - - - - 5.99

J125- 250 17 —2.44 1.08 88.0 047 20.01

250- .500 17 —3.02 1.16 92.2 40  23.52

.500- 1.000 17 —2.69 111 96.4 25 1946

1.000- 2.000 17 —4.47 1.29 86.4 60 1341

2.000- 4.000 17 —14.3 2.23 718 1.62 247

4.000- 8.000 17 - - - - 19
8.000-16.000 17 - - - - .0004

most of the data points were equal to zero and zero
values cannot be used in log-transformed regressions.

Statistical data from linear regressions of log-
transformed data are summarized for the measured-
bedload discharge in table 5 and for the computed
unmeasured sediment discharge from the modified
Einstein procedure in table 6. The curves presented in
figures 7-14 and the equations in table 3 to 6 reflect the
way the percentage of material in each size class varies
with the corresponding computed sediment discharge
(modified Einstein procedure or measured sediment dis-
charge). The coefficients depend only on the percentage
of material in a size class associated with each com-
puted (measured) sediment discharge, and in no way
relate to the absolute accuracy of the total sediment
discharge or the sediment discharge in each size class.
As such, the equations for a given procedure are unre-
lated in absolute terms to the equations developed for a
different procedure. Therefore, these figures and tables
should only be used to determine the respective load in
each size class for the particular method used.
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Sediment discharges in individual particle-size
classes, as computed by the modified Einstein pro-
cedure and determined from measured discharges, have
been compared by least-squares linear regression, using
log-transformed discharge values (table 7). Graphs (figs.
15-22) show the data and the least-squares line for
regressions in which the coefficient of determination (3

was greater than 0.50; the line of perfect agreement also
is shown.

The agreement between the methods is good for parti-
cle sizes finer than 2.000 mm. However, for those
greater than 2.000 mm, the modified Einstein procedure
yields smaller sediment discharges than the measured
sediment discharge method does.
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Total sediment discharges determined by the three
methods are compared in figures 23-25. These figures
show the data plotted around the line of perfect agree-
ment. Although they do not agree perfectly, this exem-
plifies how close the results are. Agreement among the
discharges is better than that among individual size
class discharges. The agreement among these relations

implies that the Colby and modified Einstein methods
might be used for bed-material sizes beyond those for
which they were developed. It appears that the field
conditions seem to approximate the principles of the
modified Einstein procedure and the Colby method well,
indicating that the suspended sediment can be used as
an index to the bedload movement in the Platte River
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system. Of the two computational methods, the Colby
method is the easier to use, and it could be used for
estimates of total sediment discharge within the study
reach investigated in this report. However, as the
hydraulic conditions and sediment characteristics
deviate from those for which the total- discharge
methods were formulated, the advantages of measuring
bedload increase.

MEAN-DAILY SEDIMENT DISCHARGE

Mean-daily sediment discharge can be determined by
calculating the expected value of sediment discharge
[E(Qg)). The expected value is defined as:

[« ]

EQ)={ Q,hQ)dQ, @
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where Q; = sediment discharge in metric tons per
day,
hQ,) = sediment density function, and
E(Q,) = expected value of the sediment dis-
charge or mean daily sediment dis-
charge in tons per day.
For the Platte River stations, the sediment density

function is unknown, because of the lack of comprehen-
sive sediment discharge data, but Q, is a known func-
tion of water discharge from the water-sediment
discharge relations. Therefore, by probability theory,
the following substitution can be made for equation 2:

oo

EQ)={ s@f@)uQ @)
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where g(Q) = Q,, in metric tons per day, and
filQ) = the water-discharge density function.
The water-discharge density function can be obtained
from the flow-duration curve. The cumulative frequency
of daily mean water discharges at a gaging station
defines a flow-duration curve. Flow-duration curves
show the percentage of time a specific water discharge

was equaled or exceeded during the period of record.
Flow-duration curves based on several years of record
described the approximate probability of various daily
mean water discharges being equaled or exceeded. Flow-
duration curves used in this report were defined during
a period in which large changes in flow and channel mor-
phology no longer occur (Kircher and Karlinger, 1981)
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(figs. 26-29). Although the analytical form of the flow-
duration curve is unknown, the integral in equation 3
can be approximated by a summation of the discretized
integrand, which has the following form:

N
E(Qs)zj L, 8Q)fQ)AQ; 4)

With this form, the expected value of the Q, is deter-
mined by first dividing the discharge scale of the flow-
duration curve into N equal intervals. Then, the
midpoint of each interval is used to obtain the corre-
sponding sediment discharges from the water sediment
discharge relations for each station. The sediment dis-
charge is then multiplied by the probability of occur-
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TOTAL SEDIMENT DISCHARGE IN PARTICLE-SIZE

rence of the associated water discharge Q) AQJ- to yield | ment discharge which is an approximation of the mean-
a weighted quantity of sediment. The summation of all | daily sediment discharge. The mean-daily sediment
g(@)fQ,)AQ; values gives the expected value of the sedi- | discharge based on the measured total sediment
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TABLE 5.—Coefficients and statistics for linear regression equations of
log-transformed values of measured bedload discharge by size class
versus total measured bedload discharge.

log d bedload discharg in each size class; Qp, total d bedload disch in,
Inigg)=A+B(n(Qg)
Particle-size Number of ——
class data paints A B r SE X
(millimeters) (log units) (percent)
0.062- 0.125 17 - - - - 0.005
125- 250 17 —3.08 0.961 794 053 .016
.250- .500 17 - 44 873 933 .25 3.95
- 1.000 17 —1.13 985 982 .14 24.82
1.000- 2.000 17 -1.85 1.03 984 14 2969
2.000- 4.000 17 —-321 115 953 .28 19.87
4.000- 8.000 17 —4.82 1.27 91.0 44 1279
8.000-16.000 17 —-17.4 2.73 67.1 2.05 6.90

TABLE 6.—Coefficients and statistics for linear regression equations of
log-transformed values of unmeasured-sediment discharges computed
by the modified Einstein procedure by size class versus total
unmeasured-sediment discharge

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

TABLE 7.—Coefficients and statistics for linear regression equations of
log-transformed values of sediment discharges in different size classes
computed by the modified Einstein procedure (Colby and Hembree,
1955) and from measured sediment discharges

QuMEP total discharge d by the modified Einstein procedure; QM’ total
ed sedi disch In, natural logarithm]
ln(QMEP)=A+B0n(QM»

Particle-size Number of ——

class data points A B r SE Y/X
(millimeters) (log units)  (percent)
0.062- 0.125 17 0.741 0911 99.1 013 127.75
125~ 250 17 562 972 98.7 16 140.04
.250- .500 17 —1.42 1.22 87.4 51 120.21
.500- 1.000 17 — 609 111 746 67 132.06
1.000- 2.000 17 —1.31 1.26 74.9 .82 141.48
2.000- 4.000 17 —6.99 2. 03 69.7 1.69 40.50
4.000- 8.000 17 - - - 5.85
8.000-16.000 17 - - - - .04
Total 17 —047 107 929 031 1i6.18

discharge relations, for the South Platte River at North
Platte, the North Platte River at North Platte, the
Platte River near Overton, and the Platte River near
Grand Island were computed based on N = 69 (table 8).

From equation 4 it can be seen that as N increases,
the closer the approximation of the mean-daily sediment
should be to the value obtained from equation 3. The
variation of mean-daily sediment discharge with in-
creasing N can be seen in table 9. The flow-duration
curve was divided into 35, 69, 103, and 137 equal
discharge intervals and an expected value of sediment
discharge computed. The flow-duration curve was also

LR LLL LU RLLLL LA
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11 1Lt L1 1111118 |

lay d sedi “,memhsmedasso total unmeasured-sediment
discharge; ln,namralloganthm]
Inig )=A+B(n(Q,)
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{millimeters) {log units)  (percent)
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FiGURE 17.—Comparison of sediment discharges computed by the modified Einstein procedure for an individual
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divided into 35, 69, 103, and 137 equal logarithmic inter- It can be seen in table 9 that the variation in the
vals in an attempt to reduce the error caused by the | number of intervals does cause a variation in the mean-
skewness of the flow distribution. daily sediment discharge; however, the difference is less
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TABLE 8.—Summary of mean-daily water discharge and measured total sediment discharge at four gaging stations.
(km?, square kilometers; m¥s, cubic meters per second; t/d, metric tons per day]

Mean Mean daily
U.S. Geological Drainage daily total measured

Survey station Station name area discharge sediment

number (km?) (m?¥/s) discharge
(t/d)

06693000 North Platte River at North Platte, Nebraska 80,000 235 597
06765500 South Platte River at North Platte, Nebraska 62,900 9.5 307
06768000 Platte River near Overton, Nebraska 149,400 39 1,100
06770500 Platte River near Grand Island, Nebraska 152,300 35.6 1,130

TABLE 9.—Comparison of mean-daily water sediment discharges
obtained by varying the number of subdivisions of the flow-duration
curve for the Platte River near Overton, Nebraska

[t/d, metric tons per day; In, natural logarithm]

Mean-daily
Number measured
Type of intervals of total sediment
intervals discharge
(t/d)

Equal water discharge 35 1115
Equal water discharge 69 1110
Equal water discharge 103 1107
Equal water discharge 137 1107
Equal In(water discharge) 35 747
Equal In(water discharge) 69 1095
Equal In(water discharge) 103 1100
Equal In(water discharge) 137 1108

than 2 percent if the 35-interval equallogarithmic in-
tervals value is omitted.

SUMMARY

Streamflow and sediment data were collected at
several locations along the Platte River and its major
tributaries, the North Platte River and the South Platte
River. The data were analyzed to determine the change
in bed-material size in a downstream direction, and also
to determine relations between water and total sedi-
ment discharges at four locations in the study reach.

The median bed material decreases in a downstream
direction except near Overton, Nebraska, where it in-
creases as a result of an increase in local slope at the
same location. The median bed material at two locations
in the Platte River was found to vary little with increas-
ing water discharge.

Total sediment discharge was calculated by three
methods for four stations in the critical reach. The four
stations were the North Platte River at North Platte,
Nebraska; the South Platte River at North Platte,
Nebraska; the Platte River near Overton, Nebraska;
and the Platte River near Grand Island, Nebraska. The
three methods were: (1) summing measured bedload and
suspended-sediment discharges; (2) summing measured
suspended sediment discharge with unmeasured sedi-

ment discharge computed by Colby (1957) method; and
(3) using the modified Einstein procedure (Colby and
Hembree, 1955). Total sediment discharges computed
by the three methods were compared and found to agree
closely. From this comparison it was found that the
sediment and hydraulic characteristics of the Platte
River closely approximate the principles of the Colby
method and modified Einstein procedure, indicating
that the suspended sediment can be used as an indicator
of bedload. When the modified Einstein and measured
total sediment discharge were compared by particle-size
class the agreement between the two methods was good
for particle sizes finer than 2 mm; however, for sizes
greater than 2mm the modified Einstein procedure
yielded smaller sediment discharges than were
measured.

The mean daily sediment discharge for the four loca-
tions was computed by combining the relations between
water discharge and measured total sediment discharge
with the stations respective flow-duration curve. The
mean daily sediment discharge for each site was found
to be: (1) 579 t/d (metric tons per day) for the North
Platte River at North Platte, Nebraska; (2) 307 t/d for
the South Platte River at North Platte, Nebraska; (3)
1,100 t/d for the Platte River near Overton, Nebraska;
and (4) 1,130 t/d for the Platte River near Grand Island,
Nebraska.
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Station
number
in
figure 1

- - - - .- -

Wwwnnn N NN -

SFPrOUWW

NNSNSNSN NSNNO UV VS S

Date

8/ 9/79
8/11/79
87 8/79
8/12/79
5/13/80

6/ 5780
8/ 4/80
87 5/80
6/27/79
7/15/79

8/21/79
9/25/79
5/ 6/80
6/20/79
6/26/79

7718779
8/16/79
9/26/79
6/20/79
6/25/79

/717779
8s717/79
9/27/79
7/ 2/79
/177719

8/15/79
9/27/79
7/28/19
8/ 8/79
5/22/80

6/ 5/80
6/12/80
6/22/80
6/26/80
6/29/80

8/10/79
7/15/79
8s 8/79
7/18/179
8/15/79

5/ 1/80
6/ 4/80
6/11/80
6/21/80
6/23/80

6/24/80
6/25/80
6/28/80
7/17/79
8/15/79

8/716/79
4/30/80
5715780
5/s,21/80
6/ 3/80

6/10/80
6/20/80
6/24/80
6/727/80
7/24/79

8/17/79
8/20/79

INTERPRETATION OF SEDIMENT DATA

TABLE 10.—Summary of water-discharge measurements
[m, meters; m¥s, cubic meters per second; m/s, meters per second; C, degrees Celsius}

Time Stage Discharge
(m) (m%/s)
800 0.59 2246
1555 69 27.9
940 1.02 16,2
930 1419 3l.4
1630 1.07 17,5
1630 le.22 26,3
930 1.50 58.4
930 1.50 58.4
1200 1.64 71.2
1055 «91 11,9
930 1.79 98,.8
955 1.05 20,5
1230 2.78 351
1200 2453 234
1200 1.83 92,7
1200 «99 9.80
1200 1.58 53.2
1200 1.19 17.7
1700 2.76 253
1250 2edl 107
1430 1,19 7.50
1230 1.73 39.5
820 l1.11 4430
1400 1.52 36,6
900 .87 2,18
1230 1.01 5.21
1255 l.00 5,64
930 1.63 8.18
745 1.51 %,50
1300 J.4é 351
1300 2.98 189
1100 2.72 113
1230 2452 78.3
1025 2433 47,2
1115 2.18 32.4
1145 «80 19.1
1200 «48 1.50
1530 049 1.08
1030 «50 16,7
1130 «40 6,54
1330 1.08 146
1150 1,37 254
1000 «99 126
815 +86 89,3
750 « 79 65,4
830 .97 70.5
900 59 46,8
1800 «43 22,7
1630 «48 8,69
1500 «39 1.93
1045 43 8,10
1200 1.01 142
1145 1.32 271
930 1.32 250
1210 1.35 304
1600 1:13 207
1000 .98 124
940 97 115
1100 84 63.0
1100 o523 22.7
1030 26 4,81
1230 046 42,3

cmeo

Width

(m)

83.5
89,3
76,2
75,3
76,5

76,5
89,3
89,3
96,0
49,4

111
S51.2

197

105
88.4

38.4
83.8
39,6
302
85,6

40,5
72.5
27.7
92.4
16,5

23.8
el.3
30.8
31,7
146

148
139
142
122
121

65,5
22.9
20.4
116
8l.1

198
204
200
192
188

189

15¢

116
83.5
29.9

138
266
268
268
268

260
242
243
230
194

98.8
248

Mean
Depth

(m)

0.39
49
.32
59
040

«55
73
73
«85
«32

1.064
«51
1.91
1.64
«95

«38
70
.56
1.06
l1.21

«66
.28
49
u2¢

.33
o 40
'36
022

1.53

1.11
'71
59
244
o4l

«50
'15
32
.29
.20

'86

.79
«61
o46

'49
04
.32
21
o6

.15
65
1.02
97
1,06

79
60
«59
bl
24

.‘5
«35

Mean

Velocity
(m/s)

- - - - - - - - - o - - - - - - - - - - - -

0.70
.13
67
.70
«58

.63
«90
«90
.87
76

.86
79
«93
1.36
1.10

$67
90
79
79
1.03

.82
56
«80
«55

267
«65
o 74
«66
1.57

1.15
l.14
94
.87
«65

59
«45
'17
.50
%0

«85

«80
W76
75

76
«69
.62
«50
«39

040
.83
«99
96
1,07

1.00
.86
»80
66
48

32
49

Area

(m?)

32.3
43,7
2443
44,6
30.4

42.0
64,8
64.8
8l.4
15.6

115
26.1

376

172
84.2

14,6

59.0

22.3
321
104

285

206

145

144
95.4
47.3

15.0
85,7

- - - - - T - W - ™ - -

Water

Temperature

(°C)

2140
21.0
23,0
18.5
17.0

27.5
20.0
20.0

215

23.0
17.0
13.5

23.0
1745
20.5

23.0
1640

2440

15.0
2240
22.5
22.0
lg.o

23.5
2245
23.0
27'0
23.0

2l.0
17.0

17.5
24.0
2240
20.5
23.0

24.5
2440
30.0

18.0
la.o
15.0
18,2
22.0

26,0
2140
2445
27.5

24,0
25,5
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TABLE 11.—Summary of measured sediment-transport data
[m?¥s, cubic meters per second; mg/L, milligrams per liter; tons/d, metric tons per day; kg/s/m, kilograms per second per meter}

- - - . - " - " T - - - - - T - - - - - - - - - - - - ---

Station Date Water Suspended- Suspended- Unit Bedload-
number discharge sediment sediment bedload transport rate
. concentration discharge transport
Cin 3 rate
figure 1 (m”/s) (mg/L) (tons/d) (kg/s/m) (tons/d)
1 8/ 9/79 22.6 370 720 0,058 420
1 8/11/79 27.9 120 290 059 450
2 8/ 8/79 16,2 170 240 0043 280
2 8/12/79 31.4 350 950 048 310
2 5/13/80 17,5 1430 2160 0043 281
2 6/ 5/80 26,3 140 320 «028 184
2 8/ 4/80 58,4 310 1560 123 944
2 8/ 5/80 58,4 370 1870 «089 688
3 6/27/79 7l.2 710 4370
3 7/15/79 11,9 140 140
3 8/21/79 98,8 1000 8540
3 9/25/79 20,5 84 150 .087 383
3 5/ 6/80 351 950 28800 «267 28300
4 6/20/79 236 190 3840
4 6/26/79 92,7 410 3280
4 7/18/79 9,80 580 490 2026 87.5
4 8/16/79 53,2 400 1840
4 9/26/79 17.7 100 150 «070 239
5 6/20/79 253 520 11400
5 6/25/79 107 900 8320
5 7/11/79 7,50 900 580
5 8/11/79 39,5 1350 4610
5 9/27/79 4,30 100
6 7/17/79 2,18 «013 18,6
6 8/715/19 5,21 2008 17,3
6 9/27/19 5,64 036 66.7
7 7/28/79 8,18 130 100 «033 88,0
7 8/ 8/79 4,50 62 .038 104
7 5/22/80 351 1160 35200 670 8410
7 6/ 5/80 189 570 9310 371 4720
7 6/12/80 113 390 3slo «313 3740
7 6/22/80 78,3 350 2370 «250 3060
7 6/26/80 47,2 190 770 125 1310
7 6/29/80 32,4 170 480 « 045 470
10 7/18/79 16,7 . 051 511
10 8/15/79 6,54 69 «009 63,6
10 6/ 4/80 254 240 5270 »353 6210
10 6/11/80 126 220 2400 «105 1810
10 6/21/80 89,3 190 1470 «091 1500
10 6/23/80 65,4 130 730 130 2100
10 6/24/80 70,5 110 670 107 1740
10 6/25/80 46,8 70 280 «045 602
10 6/28/80 2247 $017 169
12 8/16/79 8,10 100 100 2010 113
12 5/15/80 271 330 7730 261 5570
12 5/21/80 250 270 5830 293 6780
12 6/ 3780 304 270 7090 «386 8920
12 6/10/80 207 120 2150 «185 4150
12 6/20/80 124 230 2460 «107 2230
12 6/24/80 115 180 1790 121 2530
12 6,/27/80 63,0 120 650 «075 1490



INTERPRETATION OF SEDIMENT DATA

TABLE 12.—Grain-size distribution of suspended sediment

Station Date Percentage finer than indicated sieve size;

number sieve size (millimeters)
n - - - " " - - A - - > T - O - = - -

figure 1 1.0 0,7 0.5 0,35 0,25 0,175 0.125 0,088 0,062
1 8/ 9779 100 100 94 64 57 49 35 21 10
1 8/11/79 100 100 100 97 94 75 44 38 30
2 8/12/79 100 100 95 95 92 83 69 49 26
2 8/ /80 100 100 99 96 87 73 S0 25 21
2 8/ 5/80 100 100 98 97 84 65 41 14 9
3 6/19/79 69 62 53 43 34 28 26 26 26
3 6/27/79 100 95 78 58 49 41 38 36 36
3 8s21/79 100 100 99 99 95 91 86 82 78
3 5/ 6/80 100 100 100 87 85 66 60 57 53
4 6/26/79 100 100 99 96 89 82 T4 71 70
4 8/716/79 100 100 97 92 8l 64 52 48 a7
4 8/16/79 100 97 96 89 82 75 73 /1l 68
4 9/26/79 100 100 100 100 98 83 17 62 56
4 9/26/79 100 100 100 99 95 83 73 67 64
s 6/20/79 100 100 98 90 76 7 35 31 31
5 6/25/79 100 98 92 84 75 62 55 51 49
5 /17779 100 100 97 95 82 39 31 30 30
5 8/17/79 100 100 97 90 82 69 61 47 42
6 6/14/79 97 85 66 46 38 31 28 27 26
6 17 2/79 100 100 100 97 89 72 54 52 51
6 8/15/19 92 63 45 34 24 23 23 23 23
7 5/722/80 68 65 63 60 57 54 53 53 52
7 6/ 5/80 100 100 98 91 80 69 64 63 61
7 6/22/80 100 100 98 95 86 78 Tae 73 71
7 6/26/80 100 100 99 97 88 77 T4 72 69
10 6/11/80 100 100 99 96 91 80 74 70 69
10 6/11/80 100 100 99 96 9l 80 74 70 69
10 6/21/780 100 100 100 98 96 90 85 83 81
10 6/23/80 100 100 100 100 97 87 83 82 80
10 6/24/80 100 100 100 100 97 81 75 72 69
10 6/25/80 100 100 100 100 100 99 948 95 89
12 8/16/19 100 100 97 94 89 85 78 70 61
12 5/15/780 100 100 99 98 70 40 ez 19 18
12 S5/21/780 100 99 97 89 67 43 28 25 2
12 6/10/80 100 100 100 91 64 49 41 40 40
12 6/24/80 100 100 100 98 92 71 62 59 59
12 6/27/80 100 100 100 100 98 864 78 74 73
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Station
number
in
figure 1
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TABLE 13.—Grain-size distribution of bedload

Date

87 9/79
8711779
8/ 8/79
8712779
5713780

6/ 5/80
8/ 4/80
8/ S/80
9/25/79
S/ 6/80

7718779
9/26/79
/17779
8/715/79
9/27/79

7/28/179
87 8/79
5/22/80
6/ 5/80
6/12/80

6/22/80
6/26/80
6/29/80
7/18/79
8/15/79

5/ 1/80
6/ 4/80
6/11/80
6/21/80
6/23/80

6/24/80
6/25/80
6/28/80
8/16/79
4/30/80

5/715/80
5s/21/80
6/ 3780
6/10/80
6/20/80

6/264/80
6/27/80

Percentage finer than indicated sieve size;
sieve size (millimeters)

16,0

8,0 4,0 2,0 1.0 0.5 0.25 0,125 0,062

m—-- - 0 T P o B B P O

100,0
100,0
100,0
100.0
100,0

100,0
100,0
100.0
97,0
88,0

100,0
100.0
100,0
100.0
100,0

100.,0
100,0

93.0
100,0
100.,0

100.0
100.0
100.,0
100.0
100,0

94,0
100.0
100,0
100,90
100,0

100,0
100.0
100.0
100,0
100,0

100.0
100,0

98,0
100.0
100,0

100,0
100.0

99.0 94,0 8400 61.0 26.0 3,0 00 0.0
99,0 93,0 80.0 $9.0 35.0 6.0 0.0 0.0
100.,0 9740 89.0 74.0 47.0 7.0 0.1 0.0
100,0 98,0 91.0 73.0 40.0 5,0 0.2 0.0
100,0 96,0 90.0 76,0 47,0 5,0 0.2 0,0
100.0 98.0 90.0 77.0 53.0 8.0 0l.2 0.0
97.0 89,0 77.0 59,0 33.0 4.0 0.2 0.0
99.0 94,0 86,0 72,0 47,0 5.0 0.2 0.0
94,0 83,0 66,0 46,0 25.0 4,0 040 040
79,0 63,0 43,0 25,0 13.0 3.0 0.1 0ol
98,0 90.0 75.0 54,0 30.0 4,0 0.1 0,0
99,0 93,0 78.0 56,0 28,0 5,0 0.2 0,0
100,0 97.0 89,0 72.0 37.0 3.0 0.0 Vo0
99.0 96.0 89,0 74,0 38.0 10,0 1.0 0.7
100.0 96.0 83,0 60.0 27.0 4.0 0.l 0.0
99.0 88.0 68,0 41.0 11.0 0.6 0.1 0.0
100.0 94,0 7540 43,0 13.0 0.3 0e0 0.0
90.0 80,0 61.0 37.0 13.0 2.0 o0 0,0
94,0 82,0 6740 48,0 24,0 2.9 0.0 0.0
95.0 85,0 70.0 5240 2640 3.0 0.0 0.0
87.0 87.0 72.0 52.0 24.0 2.0 0.0 0,0
98,0 91,0 77.0 57.0 2440 0.9 0.0 0,0
99.0 96,0 87.0 68,0 33.0 2.0 0.0 0.0
99.0 95.0 85,0 68,0 32.0 2.0 0.0 0,0
100.0 97.0 85.0 65,0 28,0 2.0 043 0.1
93,0 84,0 6840 48,0 22,0 3.0 0.0 0,0
96,0 86,0 69,0 45,0 17.0 2.0 0.0 0,0
95.0 85,0 68,0 46,0 23.0 7.0 0.2 0,1
98,0 90,0 7440 53.0 21.0 3,0 0.0 0.0
98,0 88.0 71.0 4940 23.0 3.0 0.0 0.0
97.0 86,0 69,0 45,0 20,0 2.0 0.0 0.0
99.0 89,0 71.0 42.0 15,0 0.3 0.0 0.0
9940 93.0 80.0 6240 27.0 2.0 0.1 0.0
100.0 98,0 91.0 75.0 43,0 4.0 0.0 0.0
98.0 94,0 81,0 59.0 24,0 3.0 0.0 0,0
99.0 94,0 83,0 61.0 30.0 5.0 0.0 0.0
98,0 92.0 79.0 60,0 27.0 4,0 0.0 0,0
94,0 86,0 72,0 51,0 23,0 3.0 0.0 0,0
98,0 91,0 80,0 6440 36.0 5.0 0.0 0.0
99.0 96,0 88,0 73,0 44,0 7.0 0.0 0.0
99.0 94,0 83,0 63,0 33.0 S.0 0.0 0.0
99.0 96,0 89,0 71.0 36.0 2.0 0.0 0.0
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INTERPRETATION OF SEDIMENT DATA

TABLE 14.—Statistical data, grain-size distribution of bedload

Date

in

figure 1

number
eranccnerwnn -

cocennceanane

Station

8/ 9/79
8/11/79
8/ 8/79
8/12/79
6/ S/80

-t

coocoo
@ 0 @© M~ ©
NNNN N
2 N CN O
[l
NNN NN
@® DN N

NNV ™

7/18/79
9/726/79
7/17/79
8/15/79
9/27/79

<+ + OO0

87 8/79
7/28/79
6/ 5/80
5722780
6/12/80

~ee~~~

cocooO>
OO D ~~
NNNNN
NO N
NN -
NN\
OO O~ D

~~r~OoOo
-y

5/ 1/80
6/ 4/80
6/11/80
6/21/80
6/23/80
6/24/80
6/25/80
6/28/80
8/16/79
6/ 3/80
4/30/80
5/15/80
5/21/80
6/10/80
6/20/80

10
10
10
10
10
10
10
10
12
12
12
12
12
12

>N
. e
NN

-0
. &

[V

6/24/80
6/27/80

12
12
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TABLE 15.—Grain-size distribution of bed material

- - " g R - O U g TP 0 T T o Ty -

Station
number
in
figure 1

Date

16,0

Percentage finer than indicated sieve size;

8.0

‘.0

sieve size (millimeters)

2,0

1.0

o.s

0425

0,125

0,062

~NNNN~ oo o w nes e WWwwww VRV VI, VIRV VI VR Rl

-
OCOVLCE® ®N~N~NN

B gt ot ot
[= 3~ -

s gt P g
o000

6/28/79
8/ 9/79
8/11/79
8/ 8/79
8/12/719

8/21/19
5/13/80
6/ 5/80
8/ 4/80
8/ S/80

6/27/79
7/16/79
8/21/79
9725779
S/ 6/80

6/20/79
6/26/79
7/18/79
9/26/79
6/20/79

6/25/79
/11779
8/11/79
9/27/79
6/14/79

6/27/79
17 2/79
T/717/79
8/15/79
9/27/79

1/28/79
87 8/79
8/21/79
5/22/80
6/12/80

6/22/80
6/26/80
6/29/80
7/26/80
6/28/79

8/10/79
7/15/79
7/20/19
8/ 8/79
7/18/79

8/15/79
S/ 1/80
6/ 4/80
6/11/80
6/21/80

6/23/80
6/24/80
6/25/80
6/28/80
7/17/79

8/15/79
8/716/79
8/27/79
4/29/80
4/30/80

100.0
99,0
98.0

100,0

100,0

100.0
100,0
100.,0
100,0
100.0

98,0
95,0
98,0
95,0
95,0

99.0
99,0
100,0
100,0
99,0

100.0
100.0
100.0
100.0
100,0

100,0
100,0
100.0

98,0
100.0

98,0
96,0
96,0
100,0
87,0

98.0
89,0
100,0
100.0
100,0

100.0
100,0
98,0
99,0
100,0

96,0
100.0
100,0
100,0
100,0

99,0
100,0
98,0
99,0
100,0

100.,0
100,0
100,0
100,0
100,0

100.0
96,0
95.0
98,0
99.0

99.0
99.0
99,0
98.0
98.0

94,0
84,0
93.0
84,0
86.0

94.0
93,0
95,0
97.0
97,0

98,0
9700
99.0
98,0
97,0

99.0
98,0
95.0
90.0
97.0

93.0
91'0
87.0
98,0
92.0

90.0
80,0
96.0
97'0
100.,0

98,0
100.0
90.0
96.0
80,0

92,0
96,0
97,0
98,0
98,0

94,0
94,0
89.0
93.0
97.0

98,0
99.0
98,0
99,0
99'0

99,0
89,0
86,0
89,0
97.0

95,0
94,0
97,0
94,0
94,0

82,0
68,0
84,0
74,0
72.0

85,0
83,0
82.0
86,0
92.¢

94,0
87,0
90,0
91.¢
91,0

93.0
91,0
87,0
76,0
90,0

78.0
78.0
7640
94,0
84,0

78.0
65,0
86,0
87.0
98.0

89,0
97.0
79.0
82,0
57.0

a0,0
89,0
87,0
92.0
93,0

82.0
82,0
74,0
82.0
92.0

88,0
94,0
94,0
94,0
96.¢

92,0
75,0
77,0
77.0
89,0

87.0
85,0
92,0
87,0
88.0

62,0
43,0
70.0
63,0
57.0

65,0
61,0
59,0
64,0
83,0

84,0
69,0
78,0
79,0
79,0

72,0
76,0
64,0
60,0
75,0

54,0
59,0
64,0
85,0
72,0

64,0
S2.0
72.0
74,0
91.0

76,0
88,0
60,0
66,0
39.0

62,0
76,0
71.0
80,0
82,0

68,0
67,0
58,0
68,0
86,0

74,0
82,0
82,0
8240
88,0

76,0
54,0
60,0
62.0
73.0

69.0
71.0
79,0
72,0
T440

45,0
28.0
54,0
48,0
44,0

4240
40,0
46,0
43,0
76,0

69,0
52,0
61.0
61.0
66,0

49,0
56,0
45,0
46,0
51,0

35.0
37.0
46,0
65,0
59.0

48,0
42,0
54,0
57.0
70,0
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TABLE 15.—Grain-size distribution of bed material—Continued

Station Date Percentage finer than indicated sieve size;
number sieve size (millimeters)
in - o - e - - . o > o - -

figure 1 16,0 8,0 4,0 2.0 1.0 0.5 0.25 0.125 0,062
12 5/15/780 100,0 98.0 92,0 83,0 6640 36,0 6,0 060 0.0
12 5/21/80 100,0 100,0 95,0 86.0 69,0 4040 740 0.0 0,0
12 6/ 3/80 100,0 97.0 90,V 77.0 57.0 29.0 6,0 1.0 0.0
12 6/10/80 100,0 98.0 92.0 8440 68,0 40,0 8.0 Oel 0.0
12 6/20/80 100,0 99,0 94,0 81.0 61.0 35,0 7.0 0.l 0.0
12 6/24/80 100,0 10040 96,0 87.0 73.0 43.0 9.0 0.2 0,0
12 6/27/80 100,0 98.0 95.0 86,0 70,0 41.0 10.0 0.5 0.0
13 8/18/79 100,0 99,0 93,0 81,0 62.0 30,0 4.0 0.1 0.0
14 8718779 100,0 100.0 95.0 83,0 65,0 34,0 5.0 0.0 0,0
15 87187179 100,0 99,0 92.0 82.0 63,0 3240 5.0 0.l 0.0
16 8/17/79 100.0 99,0 95.0 85,0 66,0 34,0 5,0 0.0 0.0
l6 8/18/79 100,0 99.0 97.0 91,0 75,0 40,0 6,0 0.2 0.0
17 8/s18/79 100.0 97.0 93,0 87.0 7840 5640 1140 0.7 0.1
18 8/20/79 100,0 100.0 97.0 91.0 81.0 56,0 12,0 0.7 0.1
19 8/19/79 100,0 99,0 96,0 86,0 73,0 53.0 18,0 440 240
20 8719779 100,0 100.0 99,0 96,0 89.0 68,0 19,0 2.0 044
21 8719779 100,0 100.0 98,0 91.0 82.0 62,0 25,0 10.0 9,0
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TABLE 16.—Statistical data, grain-size distribution of bed material

Particle size (millimeters) at given percentage finer;

Date

Station

percentage finer parameter

number

25 35 50 65 75 84 90 95
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TABLE 16.—Statistical data, grain-size distribution of bed material—Continued

Station
number
in
figure 1

12
12
12
12
i2

12
12
13
14
15

16
16
17
18
19

20
21

Particle size (millimeters) at given percentage finer;

percentage finer parameter

Date
5 16 25 35 50
5/15/80 0.2 0ot Deé 0.5 0.7
5/721/80 0.2 0.3 0.4 0.5 0,6
6/ 3/80 0.2 0ed 045 066 0.8
6/10/80 0.2 0.3 0.4 045 0,6
6/20/80 0.2 0.3 0.4 0.5 0.7
6/24/80 0.2 0.3 0.4 et 0,6
6/27/80 0.2 0.3 0.4 0.5 0,6
8/18/79 0.3 0.4 05 0e6 0.8
8/18/79 0e3 Oeé 0.4 045 0.7
8/s18/79 0.2 0.4 044 0.5 0.7
8/17/79 0.3 0% 0e4 0.5 0.7
8/18/79 0.2 0.3 0.4 0.5 0.6
8/18/79 0,2 003 0.3 0.4 0,5
8/20/79 0.2 0.3 0,3 Ved 0.5
8/19/79 0.1 0.2 0.3 0e4 0.5
8/19/79 0,2 0.2 0.3 0.3 0.4
8/19/79 0.0 0.2 0.3 0.3 0.4
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RELATION OF CHANNEL-WIDTH MAINTENANCE TO SEDIMENT
TRANSPORT AND RIVER MORPHOLOGY: PLATTE RIVER,
SOUTH-CENTRAL NEBRASKA

By MICHAEL R. KARLINGER, THOMAS R. ESCHNER,
RICHARD F. HADLEY, and JAMES E. KIRCHER

ABSTRACT

Study of the physical characteristics of the Platte River channel
provides a basis for understanding channel-forming processes in tite
river. These physical characteristics and an understanding of
channel-forming processes are used to estimate discharges necessary
to maintain channel width. Maintenance of channel width is im-
portant for preservation of migratory-bird habitat in south-central
Nebraska.

Channel width, depth, and slope are spatially variable; but, in addi-
tion, width has decreased significantly at many sites during the last
80 years. Bed sediment generally decreases in size in a downstream
direction, with some anomalies because of local inflows.

Bedload movement in the Platte River results in two scales of bed
forms: (1) Ripples and dunes, and (2) macroforms (large bars and
islands). The bed forms cause the channel pattern to change as water
discharge changes: at low flows, the river has a distinct braided ap-
pearance, while, at higher flows, the river has a straight, single
channel. Insufficient water discharge has resulted in macroform
stabilization, island formation, and subsequent channel narrowing
along the river.

To estimate water discharge needed to maintain the present chan-
nel width, three methods were developed, based on the relationship
between sediment transport and channel width. In the first method,
an empirical estimation of effective discharge is computed from a
sediment-water-discharge relation and flow statistics. This sediment-
water-discharge relation is combined with a flow-duration curve to
produce a frequency-dependent sediment volume. The second method
is developed from the geometry of macroforms and their migration in
the Platte River downstream from Grand Island, Nebraska. The
depth of scour necessary to uproot vegetation on the stoss (upstream)
side of macroforms is related to downstream movement of the forms.
Macroforms must be inundated with at least 20 centimeters of water
for movement to occur: discharges of this magnitude are relatively in-
frequent. A third method, based on works by Parker (1977), analyzes
channel formation from the theoretical perspective of bed-bank sedi-
ment interchange. Our data are used to calibrate Parker’s equations
for applications to the Platte River in south-central Nebraska.

INTRODUCTION

The Platte River in south-central Nebraska (fig. 1) is a
prominent feature in the economy and environment of
the region. In the middle of the 19th century, the Platte
River valley marked the route of early westward migra-
tions. Beginning in the latter part of the 19th century
and continuing until 1982, an increasing proportion of
the river flow has been appropriated for irrigation,
municipal, industrial, and hydropower uses. In addition,
migratory birds long have used the valley as a stop-over
in their annual migration.

The regulation of the river flow in the past century
has had a marked influence on the channel morphology
(Eschner, Hadley, and Crowley, 1982; Williams, 1978)
by reducing flood peaks, extending low-flow periods,
changing sediment-transport characteristics, and allow-
ing increased vegetation growth in the channels. Chan-
nel changes that have occurred in the Platte River and
its tributaries since about 1860 have significantly
changed the migratory bird habitat. Optimum roosting
conditions occur when at least 75 m (meters) or more of
unobstructed view exist (U.S. Fish and Wildlife Service,
1981). Thus, a minimum unobstructed channel width of
150 m is required for optimum roosting conditions. The
changes in flow regime, sediment-transport characteris-
tics, and vegetation-growth patterns have reduced
channel width to less than 150 m at many locations in
the study area.

This paper will examine the channel-forming proc-
esses in the Platte River, describe how these processes
have changed the channels, and consider solutions of

E1
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FIGURE 1.—The study area in Nebraska.

the problem of preserving channel characteristics
through knowledge of the fluvial processes. The
primary objective of preserving these characteristics is
to prevent deterioration of the riverine habitat used by
migratory birds.

DESCRIPTION OF THE STUDY AREA

The North Platte and South Platte Rivers originate
as snowmelt-runoff streams in the Rocky Mountains of
Colorado. They flow across the Great Plains and form
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sand, Hayes (1962) concluded that quartz increases uni-
formly downstream, and both potassium feldspar and
plagioclase decrease downstream. Hayes’ (1962) data
suggest that the quartz and feldspar contents of Platte
River sediment are relatively stable upstream from the
Loup River confluence. Mineralogy of the bed sediment
changes with distance downstream from the Loup con-
fluence: the percentage of quartz increases; whereas, the
percentages of feldspars decrease.

There are many possible sources for Platte River sedi-
ment. Erosion in the Rocky Mountains yields sediment
to both the North and South Platte Rivers. Direct ero-
sion of bedrock beneath the Platte River rarely occurs
because of the thickness of unconsolidated deposits.
However, reworking of valley fill beneath and adjacent
to the Platte River provides sediment to the river. Sedi-
ment contributions from tributaries may be significant.
For example, sediment from the Loup River system
probably accounts for the change in mineral composi-
tion of Platte River sediment downstream from the
Loup confluence.

BED SEDIMENT
Bed-material samples were collected with a BMH 60

sampler at 14 cross sections along the Platte River
(Kircher, 1981a). Sampling was done from May to Sep-

E7

tember to insure a variety of bed conditions. Samples
were sieved (table 3), and the percentages in size classes
were plotted to determine the size distributions.
Selected representative distributions are plotted in
figure 6.

The size of bed material in the Platte River ranges
from less than 0.062 mm (millimeters) to greater than
16 mm; grain-size distributions are listed in table 3.
Median size (D), defined as the diameter of which half
the particles of the sample are finer, somewhat changes
systematically downstream. Median diameter increases
downstream to Overton, but then decreases down-
stream from Overton (Kircher, 1982) (fig. 7). A second-
ary peak of large median diameter occurs from Central
City to Silver Creek. Examination of figure 9 indicates
that not only median diameter but also overall sizes
change downstream. Bed material at Overton is coarser
for almost all percentiles than bed material at Brady.
Grain sizes at all percentiles become finer with increas-
ing distance downstream from Overton for the reaches
sampled.

The median bed-material particle size varies little
with changes in discharge, at two stations for which
data are available. Plots of median grain size (D) of bed
material and discharge for the Platte River show no pos-
itive trend, or decrease in grain size with increasing dis-
charge near Overton (fig. 8), and no significant trend
near Grand Island (fig. 8). The increase in bed material
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TABLE 3.—Grain-size distribution of bed and bank sediment from the Platte River, Nebraska
[Data from Kircher (1981a) and Eschner (1981)]

Distance downstream Percent finer than indicated size, Median
Section from Keystone, Nebraska, pgie in millimeters grain
on the North Platte River 32 16 8 4 2 1 05 0.25 0125 00625  Size,in
i kilometers millimeters
Bed Sediment
Brady 112 6/28/79 100 100 98 91 70 30 5 0.2 0.0 0.7
Cozad 159 8/10/79 100 98 89 76 57 29 5 ni .0 9
7/15/79 100 100 97 88 72 28 2 .0 .0 q
7/20/79 98 90 79 60 4 23 3 q 0 1.3
8/ 8/79 99 96 82 66 46 22 5 8 2 11
Overton 200 7/18/79 100 80 57 39 23 9 1 0 .0 3.1
8/15/79 96 92 80 62 40 18 3 2 .0 14
5/ 1/80 100 96 89 76 59 33 10 8 K() 8
6/ 4/80 100 97 87 7 58 42 21 8 4 7
6/11/80 100 98 92 80 58 27 8 9 i 8
6/21/80 100 98 93 82 63 32 7 2 0 8
6/23/80 99 94 82 68 50 25 7 3 .0 1.0
6/24/80 100 94 82 67 49 28 7 Bl .0 1.0
6/25/80 98 89 74 58 42 23 5 3 .0 14
6/28/80 99 93 82 68 51 24 6 A .0 1.0
Odessa 223 n9 100 97 92 86 74 39 5 3 6
8/15/79 100 98 88 74 52 24 0 0 9
Grand Island 311 8/16/79 100 99 94 82 66 37 7 2 1 7
8/27/79 100 98 94 82 71 47 8 3 0 5
4/29/80 100 99 94 82 64 39 8 N .3 7
4/30/80 100 99 96 88 74 45 11 1 .0 6
5/15/80 100 98 92 83 66 36 6 0 .0 7
5/21/80 100 100 95 86 69 40 7 .0 .0 6
Grand Island 311 6/ 3/80 100 97 90 Yk 57 29 6 1 .0 8
6/10/80 100 96 92 84 68 40 8 1 .0 6
6/20/80 100 99 94 81 61 35 7 d .0 7
6/24/80 100 100 96 87 73 43 9 2 .0 6
6/27/80 100 98 95 86 70 41 10 b .0 6
Central City 339 8/19/79 100 99 94 83 64 32 5 a1 .0 7
Clarks 357 8/18/79 100 100 95 83 65 34 5 .0 .0 7
Silver Creek 374 8/18/79 100 99 92 82 63 32 5 1 .0 8
Duncan 390 8/17/19 100 99 95 65 66 34 5 .0 .0 7
8/18/79 100 98 95 89 M 48 9 4 .0 5
Schuyler 424 8/18/79 100 97 93 87 78 56 11 q 1 5
North Bend 459 8/20/79 100 100 97 91 81 56 12 q 1 5
Fremont 479 8/19/79 100 99 96 86 73 53 18 4 2 5
Venice 496 8/19/79 100 100 99 96 89 68 19 2 4 4
Louisville 533 8/19/79 100 100 98 91 82 62 25 10 9 4
Bank Sediment
Cozad 159 1980 994  98.6 96.1 93.7 87.3 70.7 403 21.0 .16
Lexington-1 189 1980 99.6 928 85.7 75.5 61.1 41.5 17.5 4.7 2.2 .68
Lexington-2 190 1980 993 95.2 90.4 83.3 68.0 38.1 11.8 4.3 .33
Overton 200 1980 92.2 82.6 73.3 68.1 60.0 45.7 28.5 11.7 5.1 .63
Elm Creek 215 1980 98.1 95.8 91.6 84.9 76.9 55.4 224 14.7 .23
Odessa 223 1980 99.8 994 93.8 69.4 31.0 10.2 5.2 3.2 11

size does not occur that might be expected as increasing | charge near Overton may be due to the accumulation of
discharge removes finer particles from the bed. The | lag gravel, as sand is removed from the bed at low
apparent decrease in grain size with increasing dis- | discharges.
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BANK SEDIMENT

Composite bank material samples were collected at
six sections from Cozad to Odessa. The variability of
bank sediment is high, ranging from less than 0.062 mm
to greater than 16 mm (fig. 9 and table 3). Median grain
sizes (D;,) are generally lower than median grain sizes of
the bed at corresponding locations. Grain size distribu-
tions do not show a progression in a downstream direc-
tion and the curves do not all have the same shape.
Variability in grain size of bank sediment may result
from the limited number of samples.

VEGETATION EFFECTS

Many species of vegetation are present along:the
Platte River. Annual and biennial grasses odcur along
banks and on islands along the entire river. Shrubs and
trees are particularly common in*the upper parts of the
study reach. The most common trees are cottonwood,
willow, elm, and ash. Extensive vegetation in the Platte
River valley is a relatively recent phenomenon (Eschner,
Hadley, and Crowley, 1982). Accounts of explorers and
early settlers indicate that timber was scarce in many

places as recently as 1860. Hydrologic changes in the
Platte River since 1860, such as reduction of flood
peaks, have made conditions more favorable for germi-
nation and preservation of vegetation. Vegetation has,
in turn, had a significant effect on channel morphology
and processes. For example, establishment of vegeta-
tion on sandbars is the chief method by which channel
width is reduced (Eschner, Hadley, and Crowley, 1982).
The total amount of sediment in transport is also
changed, because of reduction of channel width and the
presence of vegetation on low bars within the channel.

DISCHARGE-RELATED THEORETICAL
METHODS FOR MAINTAINING
CHANNEL WIDTH

Geomorphic processes in a river involve the interrela-
tionships between channel cross-section characteristics,
sediment transport, and hydrology. Although channel
cross-sectional configuration is partly a function of sedi-
ment movement, sediment discharge is difficult to
study directly. However, the relationship between
water discharge and sediment discharge allows channel
maintenance to be related to water discharge.

This chapter describes three methods that use this
dependence between water and sediment discharge to
estimate the functional relationships between channel
width and water discharge. The three methods have
been calibrated in the Platte River. Sediment transport
plays an important role in all three methods.

In the first method, a sediment-water discharge rela-
tion is combined with a steady-state flow-duration curve
to empirically estimate an effective discharge, defined
here as the water discharge that maintains the present
channel cross section. The second method is based on
results of field studies of macroform formation and
migration in the Platte River downstream from Grand
Island, Nebraska. If these bed forms are not moved
downstream, they can become stabilized with vegeta-
tion to form islands, thereby narrowing the channel.
The third method analyzes channel formation from the
theoretical perspective of bed-bank sediment inter-
change. Data used to calibrate regime equations from
this latter method were collected in a reach of the river
from Cozad downstream to Odessa, Nebraska.

EFFECTIVE DISCHARGE

The rate of sediment movement, in a channel depends
in part on the magnitude of water discharge. The rela-
tionship between water discharge and sediment dis-
charge can be expressed by a sediment-discharge rating
curve of the form:

Q=aQ" Q)
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FIGURE 9.—Grain-size distributions of bank sediment for the Platte River, Nebraska (from Eschner, 1981).

where
Q, = sediment discharge;
Q = water discharge; and
a and n = regression coefficients, here determined by

regression analysis.

The sediment-water discharge relation should accu-
rately describe the period under consideration; a
sediment-water discharge relation does not necessarily
remain constant over many years. For example, figure
10, representing data from the Platte River near Over-
ton, shows that the sediment-water discharge relation
for this station has changed since the 1950’s. The sedi-
ment discharge near Overton in 1980 at water dis-
charges less than 74 m?%s (cubic meters per second) was
greater than the sediment discharge for corresponding
water discharges in the 1950’s; but, the rate of increase
of sediment discharge with increasing water discharge
was less in 1980 than it was in the 1950’s.

The significance of a given discharge in moving a
quantity of sediment during a specified period depends
on frequency of the discharge. Frequency with which a
given discharge occurs is represented by the flow-
duration curve (fig. 11). The most frequent discharges
are small and transport relatively small amounts of
sediment; large discharges are less frequent, but they
transport greater amounts of sediment.

Relative effectiveness of a given water discharge to
influence channel morphology can be described by the
maximum product of sediment discharge and the fre-
quency of occurrence associated with the corresponding
flow (fig. 12). A range of intermediate flows transports
most of the annual sediment load. This range of dis-
charges may be represented by the maximum sediment
load; the midpoint of this range will be called the effec-
tive discharge (Andrews, 1980). Therefore, the effective
discharge can be described as the discharge that main-
tains the channel by virtue of its frequency of occur-
rence and transporting capacity, by transporting, on
the average, more sediment during the period of record
than any other discharge.

Effective discharge can be obtained from the compu-
tations necessary for determination of mean annual
sediment discharge. Mean annual sediment discharge is
determined by calculating the expected value of sedi-
ment discharge E(Q,). The expected value is defined as:

EQ)=I Q.4Q,)dq, @)
where

E(Q,) = expected value of the sediment discharge or

mean annual sediment discharge in tons
per day;
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Q, = sediment discharge in metric tons per day;
and

hMQ,) = sediment discharge density function.
The sediment-density function, A(Q,), is unknown, but
Q, is a known function of water discharge from the
sediment-water-discharge relation (fig. 12A). Therefore,
by probability theory, the following substitution can be
made for equation 2:

EQ)=( gQfQdQ (3)

where

g(@)= Q,, in metric tons per day; and

AQ) = the water-discharge density function.
The water-discharge density function (fig. 12B) can be
obtained from a flow-duration curve, such as the type
shown in figure 11. Although the analytical form of the
flow-duration curve is unknown, the integral in equation
3 can be approximated by a summation of the dis-
cretized integrand (fig. 12C) which has the following
form:
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FiGure 11.—Flow-duration curves for the Platte River near Overton
from 1950 to 1979, and Grand Island from 1935 to 1979 (from
(Kircher, 1981b).

N
E(Qs) = L g(Qj)f (Qj)AQj (4)
j=1

where

Q = midpoint of discretized interval.

W1th this form, the flow-duration curve can be divided
into N equal intervals. The midpoint of each interval is
then determined and inserted into the sediment-water-
discharge relation for each station, thus providing a
sediment-discharge value. This sediment-discharge
value is then multiplied by the probability of occurrence
of that associated water discharge, fl@,)AQ;, to yield a
weighted quantity of sediment. The dlscharge that car-
ried the most sediment during a period of record is the
peak of the integrand in equation 3 or the peak sum-
mand in equation 4. An example of a plot of the sum-
mand in equation 4 is shown in figure 12C for the Platte
River near Overton.

Equation 4 with N equal to about 20 is the form most
commonly used (Andrews, 1980; Benson and Thomas,
1966). However, the location of the peak summand is
dependent on N. The greater the number of intervals,
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the closer the result will be to the true value. Variation
of the resulting effective-discharge by varying N can be
seen in table 4 for the Platte River near Overton and the
Platte River near Grand Island. Flow-duration curves
were also divided into equal natural logarithm (log)
(water-discharge) intervals to reduce the error caused by
skewness of the flow distribution. The computation of
effective discharge for these two stations is based on the
total sediment-water-discharge relations of each.

TABLE 4.—Variation in computed effective discharge resulting from
variation of the number and type of water-discharge intervals

[N, number of intervals; E{(X), expected value of mean annual totai-sediment discharge;
Qg effective discharge; t/d, metric tons per day; m?/s, cubic meters per second]

Platte River near
Grand Island, Nebraska

Platte River near
Overton, Nebraska

N EX Qg N EX) Qg

Type of interval (t/d) (m3/s) (t/d) (m3/s)
Arithmetic 35 1115 46 35 1099 46
69 1110 35 69 1086 45

103 1107 34 103 1098 40.5
137 1107 31 137 1075 36

171 1101 32.5 171 1076 32,5

Logarithmic 35 747 33 35 1064 59.5
69 1095 41 69 1066 55

103 1100 44 103
137 1108 46 137

1073 43

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

Effective discharge varies considerably with N and
the type of intervals used. Table 4 shows that the max-
imum number of divisions give results differing by as
much as 29 percent, when compared to the minimum
number of divisions. Because a constant sediment-
water-discharge relation and flow-duration curve were
used in all cases for each station, study of the differ-
ences in effective discharge can be limited to the dis-
cretized approximation of the flow-duration curve. Fur-
ther research is necessary to determine if the differences
are due to the errors in the integration approximation,
or if the method yields a statistically inconsistent
estimator of effective discharge.

Nonstationarity of the hydrologic record may intro-
duce a second source of error. Use of a flow-duration
curve developed for a period of changing flow would
result in an effective discharge that is time-averaged.
As a result, errors associated with the averaging of the
flow-duration curve will carry over to the computation
of the effective discharge.

MACROFORMS AND CHANNEL WIDTH

Formation of islands and their subsequent attach-
ment to the flood plain is a major cause of channel nar-
rowing in the Platte River (Eschner, Hadley, and
Crowley, 1982). Islands form as vegetation becomes
established on macroforms and stabilizes them. Vegeta-
tion also increases hydraulic roughness over the
macroform and promotes deposition of sediment. Vege-
tation continues to proliferate on the newly deposited
sediment, increasing both the stability of the
macroform and the likelihood of further deposition. In
this manner, a macroform can grow vertically until the
surface is at the same elevation as the flood plain.

Prevention of seedling germination and removal of
vegetation from macroforms inhibit stabilization of
macroforms. Seeds can be removed from the macroform
surface and seedlings uprooted by scour on the stoss
side of the macroform. The depth of scour is a direct
function of downstream translation of the macroform as
explained in the following paragraph. The maximum
scour depth (the macroform height) is obtained if the
bed form is translated a distance equal to its length.

In cross section, macroforms are triangular, with a
stoss side dipping gently upstream and a steep slipface
downstream of the macroform crest (fig. 13). The rela-
tionship between the depth of scour and the distance
through which a macroform moves is developed by
using plane geometry; it is based on the work of Crow-
ley (1981a). This development requires specification of
the depth of scour, i, the amplitude or height of the
macroform, H, the macroform length, Ls, and the acute
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X, = % - )
X, MACROFORM TRANSLATION PERPENDICULAR TO SLIPFACE
hs EROSION DEPTH ON STOSS SIDE
H AMPLITUDE
L MACROFORM LENGTH
] SLIPFACE ANGLE
B CHANNEL WIDTH
«  ANGLE FORMED BY MACROFORM AND CHANNEL BANK
FIGURE 13.—Macroform geometry (from Crowley, 1981a).
gxlgle of the downstream s!oping face with the horizon- N = ks (L, — Hitan6) 5)
, ©. Because the crestlines of macroforms are not L™ g *f

perpendicular to the flow, a correction must be made
which is a function of the acute angle, o, formed by the
intersection of the channel bank with the crestline.
From proportionality of right triangles, the expression
for the distance of macroform movement, A7, oblique to
channel banks is:

To establish the macroform movement in the down-
stream direction, \;, that is, parallel to the flow, A7 must

be divided by sina:
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A, = Npfsina = 73 (L¢/sino: — Hf(tanOsina)) (6)

Crowley (1981a) reports that macroform heights aver-
age about 2 m, and lengths average about 300 m, for the
Platte River below Grand Island. The angle O is approx-
imately 30°, and the angle « averages about 28°. There-
fore, the factor H/(tanOsina) is negligible compared to
L//sina. Equation 6 can thus be simplified:

)\L = %(Lf/sma) (7)

An estimate of flow and its duration required to trans-
port a macroform a distance, \;, and insure a scour
depth, 2, can now be made for a given L, and sediment-
transport rate per unit width of channel, Q,. The time
required to move a unit width of macroform a distance
of one (macroform) length, ¢; , is obtained from the con-
servation of sediment transport for a triangular bed
form:

1
E HLf = Qsth (88)

or
tr, = HL(2Q,) (8b)

The following identity holds for a constant speed of the
macroform:

LN @)
t,
Equations 8b and 9 can be combined to yield:
. i (10)
N 2Q,

where

t\, is the time required to move a unit width of
macroform a distance \;.
Inserting the expression for N;, (eq. 7) into equation 10
gives the time necessary to scour the stoss side of the
macroform to a depth, A

h
ty, = —2Qis<Lf/sina) (11)

Kircher (1981b) presents unit width regression rela-
tionships for sediment discharges as functions of water
discharge, @, for several stations along the Platte River.
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These relationships are of the form:

Q; = a@" (12)
where a and n are regression coefficients. If equation 12
applies to the reach of interest, an expression for the
water discharge as a function of scour depth and trans-
lation time can be obtained by combining equations 11
and 12:

hg . lin
—_— (Lf/sma)

13
2at)\L ( )

Q=

This direct substitution of equation 12 into equation
13 presents some statistical inconsistencies. Because @
is the independent variable in equation 12, technically it
should not be expressed as a function of the regression
parameters a and n. However, if the explained variation
of the equations given in equation 12 is reasonably high,
then the effects of this direct substitution are minimal.
If the explained variation of the equations (12) is not
large enough, then a new regression of @ on @, should
be performed; in which case:

Q =aQ" (14)
where @’ and n’ are regression coefficients;
and
I R i (15)
Q -a 2t)‘L sino

As noted previously, incipient motion of sediment
particles on the macroforms in the Platte River occurs
when there are approximately 20 c¢cm (centimeters) of
water over the bed form. Therefore, the admissible dis-
charges obtained from equation 13 or 15 are limited to
those discharges associated with the river stage neces-
sary to barely cover the macroforms.

BED-BANK SEDIMENT INTERCHANGE
GENERAL THEORY AND CONCEPTS

If riparian vegetation is absent, the channel width of
an alluvial river depends on the relative balance be-
tween scour and deposition of sediment along the
banks. Excess scour along the base of the banks erodes
the banks by undercutting, resulting in channel widen-
ing. This process is hastened where bank sediment is
noncohesive and streamflow is perennial. When bed
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scour is counterbalanced by deposition of suspended
sediment in slack water along channel banks, for
relatively constant discharge, erosion decreases and an
equilibrium width is established. However, a decrease in
discharge followed by reduced movement of bed
material along the banks may induce vegetation
growth. If this vegetation is not uprooted by subse-
quent floods, the banks become stabilized and the chan-
nel resists further widening by erosion.

Various empirical regime relations have been devel-
oped that estimate changes in channel width as a fune-
tion of channel depth (Lane, 1937), or changes in channel
width and depth as power functions of discharge
(Leopold and Maddock, 1953). Parker (1977) developed
regime equations that go beyond similar studies by
theoretically examining the multivariate structure of
the empirical relations. These equations comprise an
algorithm that is unique, in that channel cross-sectional
characteristics (top width and maximum depth in a
uniform bed) are mathematically integrated with bed-
material size, sediment load, channel slope, and
discharge.

This report compares theoretically determined chan-
nel characteristics, using Parker’s method, to onsite
Platte River data. This analysis was made for five sites
in or near the reach from Lexington to Grand Island,
Nebraska.

REGIME EQUATIONS

Parker (1977) uses concepts of water and sediment
movement that specify conditions for balance of bed-
load transport and lateral diffusion of suspended sedi-
ment necessary to attain channel equilibrium. These
conditions are integrated into a set of three regime equa-
tions that relate channel slope, G, center depth of chan-
nel, d,, width of channel, B, water discharge, Q, total
bed material load, Q,, and the particle size, of which s
percent of the bed material is finer, D,. In Parker’s
development, the channel bed was assumed uniform,
with center depth equaling maximum depth. Because
the bed in the Platte River is irregular, due to bed forms,
center depth does not retain its connotation of the
theory; therefore, average depth will be used in lieu of
center depth.

Using Parker’s terminology, the first regime equation
relates relative roughness of channel to slope, depth,
and particle size. Parker’s expression of relative
roughness (d./D,) is the reciprocal of the conventional
definition of relative roughness and may be more appro-
priately termed relative smoothness.

R,=d /D, = 46.5 Rp1G¢ (16)
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where
R, = relative smoothness (roughness) of channel;
d, = center (average) depth of channel (meter);

D, = bed-material particle size, in meters, for
which s percent is finer;
Ry = V{NR D.g dimensionless fall velocity ex-
pression;
V, = particle-fall velocity (meter per second);
R = difference in specific gravity between sedi-
ment and water (1.65);
g = acceleration of gravity (9.8 meter per second
per second);
G = channel slope (m/m) meter per meter.
The remaining two regime equations establish water
discharge, @, and sediment discharge, Q,, as functions
of particle size and channel features.

Q=0.958 R’ G In(1.06 R ? G)*
[Bid, —0921 B2 G=R] (17)

Qs=0‘601 ch/z Go*
[Bid, —1.41 R .* G B ] +2.97%10+

*R,% G* R/ In (106 B;* GY*
[Bid, —1.33 R G=R/'] (1)

In equations 17 and 18:

B = channel top width, in meters.

A graph of selected solutions to equations 16 and 17
for various combinations of variables is given in figure
14. Equation 16 is solved first, using particle attributes
V,, R, and D, and channel slope G. The resulting value
of R, is then inserted into equation 17 with the other re-
quired variables, to solve for Q. Depth is shown, because
it is determined by equation 16 through a choice of sedi-
ment size and slope. The selection of dependent and in-
dependent variables shown in figure 14 reflects the in-
tent to estimate water discharge necessary to maintain
a desired width of channel.

The particle-fall velocity for a given sediment size is
required to calculate R, in the regime equations. Fall
velocities were obtained from the U.S. Inter-Agency
Committee on Water Resources (1957), using the 20°C
(degrees Celsius) temperature curve for naturally worn
quartz particles having a shape factor of 0.7. Channel
slopes were obtained from topographic maps.

CALIBRATION OF SEDIMENT SIZE INPUT

Parker (1977) bases his conclusions on three primary
assumptions: (1) Regime equations apply only to
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TABLE 5.—Cross-sectional characteristics and sediment sizes for given discharges (modified from Karlinger and others, 1981)

(B, maximum width, in meters; @, water discharge, in cubic meters per second; d, depth, in meters; G, ch

| slope, (di ionless) in meters per meter; D, sediment size, in millimeters;

Ds, design size of sediment, in millimeters]

Obtained from onsite measurements Calculated from
Site regime equations
Bmaximum Q B d G D5 Dy D, B d

m) (ms) (m) (m) (mim) (mpg? ) {mm) m) (m)
Cozad 31 11 31 0.62 .00125 0.36 0.15 0.20 30 0.37
8 30 53 .00125 - - .18 28 .32
Lexington 201 85 137 .61 00114 37 .68 .25 133 .52
102 152 .66 .00114 - - .26 144 .55
122 168 .70 .00114 -— - .27 162 57
142 183 .16 00114 - - .28 172 .60
Lexington 2 201 159 183 19 .00114 31 .33 .29 178 .63
184 198 91 .00114 - - .30 191 .66
Overton 178 127 178 .70 .00119 37 44 27 171 .56
Odessa 229 198 229 .64 .00112 .38 71 .29 222 .64

straight reaches of channel; (2) bed and bank material
are noncohesive; and (3) particle size is uniform through-
out the channel. Of the three, only the assumption of
uniform particle size is not met in an approximate way
for the Platte River. Therefore, there is some question
as to the best value to use for D, in equations 16 and 17;
this question was not satisfactorily resolved in Parker’s
(1977) study.

To determine an input sediment size for application of
regime equations to the Platte River, a trial solution
procedure based on measurements from five locations

was used. These measurements were made near Cozad,
Overton, and Odessa, Nebraska; measurements were
made at two sites near Lexington, Nebraska. At each
site, cross-sections were surveyed at several water dis-
charges. Bed-material samples were also obtained at
each cross section. Water-surface widths and their cor-
responding discharges obtained from the field measure-
ments were used with local channel slope and depth as
input variables in equations 16 and 17, to determine
that sediment size, D, necessary for calculated width to

equal measured width for the given discharge. These

CHANNEL SLOPE SEDIMENT SIZE MEAN
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FIGURE 14.—Selected solutions of Parker’s regime equations (16) and (17a) (from Karlinger and others, 1981).
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sediment sizes were plotted against width to establish a
design relation (fig. 15) to apply equations 16 and 17 for
any site within the reach. Data used to develop figure 15
are summarized in table 5.

SPECIAL CONSIDERATIONS CONCERNING THE
CALIBRATION CURVE

The calibration curve (fig. 15) derived from data ob-
tained at the five sites is acceptable only:

1. If the sediment sizes estimated from figure 15 are
within the sediment-size distribution of each site.
Parker (1977) also proposed that an appropriate ef-
fective particle size might be among the smaller sizes.
These smaller sizes would be dominant in the bed-bank
interchange.

2. For the calibration curve to be useful at any other
site within the Cozad-Odessa reach, sediment-size dis-

E17

tribution at such sites must also contain the calibrated
size. The particle-size distribution curves of figure 16 in-
dicate that both of these requirements are met for this
reach of the Platte River. As can be seen from figure 16,
all of the calibrated sediment sizes are acceptably
within the sediment-size distribution curves and are in
the lower range of the size distribution. Parker (1977)
found that an estimate of D,; for the bed material gave
the best results in a study of the Niobrara River in
Nebraska. Overlap of the distribution curves strongly
indicates a homogeneity in sediment-size distribution
for all intermediate sites within this reach.

Sediment size as a function of width only is shown in
figure 15. However, channel slope.is an implicit addi-
tional independent variable in the graph. For a given
width, sensitivity of discharge to slope is much smaller
than sensitivity of discharge (fig. 14) to sediment size.
Therefore, dependence of the design sediment size on
channel slope is assumed to be negligible for the calibra-
tion curve.

Another consideration in the use of figure 15 is that
maximum widths were constraints in development of
the figure. For all sites, especially Cozad and Overton,
stabilizing vegetation on the banks prevents any widen-
ing of the channel in response to increasing discharge;
any increase in conveyance is reflected in an increase in
depth. Therefore, to apply the proposed procedure to
any intermediate site, a maximum width needs to be
estimated if there is constraining vegetation; larger
values than this width would render the method
inappropriate for determining a maintenance discharge.

SUMMARY

Physical characteristics of the Platte River channels
and the sediment that forms channel boundaries may
serve as bases for assessing the effects of water-
management decisions on channel changes. Channel
geometry and hydrologic data, used with analysis data
of bed and bank sediment, can estimate channel re-
sponse to changes in river flow regime.

Channel characteristics of the Platte River have been
documented sufficiently for the period 1900-80 to per-
mit correlation of channel response to historical changes
in hydrology, including water use. The channel has nar-
rowed by 50 percent near Duncan, Nebraska, since
about 1900; the width has decreased as much as 90 per-
cent since 1900 near Cozad, Nebraska. The channel,
which was once broad and relatively free of vegetation
and islands, has been transformed at many locations
into a series of narrow channels separated by islands of
various sizes. Sediment transport also has been altered
extensively because of reduced flow in narrow channels,
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some of which are clogged with vegetation, islands, and
aggrading bed forms. How much more will these chan-
nels change as a result of future water-management
practices?

Three methods relating water discharge to channel
cross-section characteristics have been presented to
allow assessment of the consequences of future river-
management practices. A statistically based effective
discharge computation is presented, but it lacks a
physical basis for understanding fluvial processes. The
methods involving movement of macroforms and bed
and bank sediment interchange are both more phys-
ically based than the effective discharge method, but
both may be subject to errors because theoretical
assumptions are only approximated for the Platte River
channels. Each of the three methods has limitations for
determining channel-maintenance discharges. However,
with some understanding of the fluvial processes oper-
ating in the channels and the relationship of water
discharge to sediment discharge, channel-maintenance
discharges may be estimated.
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A STOCHASTIC STREAMFLOW MODEL AND
PRECIPITATION MODEL FOR THE PLATTE RIVER FROM
GOTHENBURG TO GRAND ISLAND, NEBRASKA

By ALDO V. VECCHIA, JR.

ABSTRACT

A stochastic model of monthly precipitation at Gothenburg,
Kearney, and Grand Island, Nebraska, is developed. The model
allows for simulation of single-station or joint-station precipitation
and estimation of probabilities of future precipitation events. Somé
probabilities of droughts of differing severities and durations over the
next 50 years are estimated by using the resulting model.

A stochastic model of seasonal streamflow at the Overton, Odessa,
and Grand Island, Nebraska, gaging stations of the Platte River is
also presented. Three seasons were chosen to correspond to differing
periods of flow and vegetation development along the river: (1) Season
1 consists of aggregated flows for September through February (base
flow period); (2) season 2, aggregated flows for March and April
(snowmelt flows); and (3) season 3, aggregated flows for May through
August (time of seed drop by riparian vegetation). The model can be
used for single-station or joint-station simulation of streamflow and
estimation of probabilities.

Finally, it is recognized that the precipitation series may have an ef-
fect on the streamflow series. Although this effect is not modeled
because of limited data collection, some cross correlations between
the two hydrologic series are presented to allow preliminary esti-
mation of the changes in streamflow resulting from changes in
precipitation.

INTRODUCTION

A reach of the Platte River in south-central Nebraska
has been designated a critical habitat reach for migra-
tory waterfowl, especially sandhill and whooping
cranes. These birds are attracted to the area partly
because of the local geomorphic characteristics of the
river channel; to maintain these geomorphic processes
and preserve these habitat characteristics, the
hydrology of the region must be effectively managed.
Perhaps the two most critical elements for properly
managing both the habitat and the economic develop-
ment along the river valley are understanding and pre-
dicting the hydrology.

This report presents stochastic models of precipita-
tion and streamflow for the critical reach of the Platte
River, which is defined as the reach extending from Lex-
ington to Grand Island, Nebraska (fig. 1). Precipitation
stations at Gothenburg, Kearney, and Grand Island,
Nebraska, are assumed to represent adequately the pre-
cipitation patterns within the critical reach. Data from
these stations are used to model joint-monthly precipi-
tation values. A three-season flow series is jointly mod-
eled for the gaging stations at Overton, Odessa, and
Grand Island, Nebraska, because of complexity of the
monthly streamflow time series. The three flow seasons
are defined as September through February (season 1),
March and April (season 2), and May through August
(season 3). season 1 represents the base flow period;
season 2 represents the period of high flows from snow-
melt in the Rocky Mountains; and season 3 represents
the approximate time of seed drop by riparian vegeta-
tion and seedling germination and establishment in the
channel.

The precipitation and streamflow models are used for
simulation and evaluaton of probabilities pertaining to
events of interest, including periods of low precipitation
and high or low streamflow occurrences. These events
become important when causes of channel narrowing,
such as vegetation encroachment and maintenance of
wetland environment, are studied.

The precipitation and streamflow models were devel-
oped individually rather than jointly because of time
and resource limitations. A joint model would involve a
detailed study of the effects of drought on nearby irriga-
tion pumping, and, in turn, on the operating rules of the
many diversions and timed reservoir releases of this
highly regulated river. Some statistical correlations be-
tween the precipitation and streamflow series are pre-
sented in a later section of this report.
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Both the precipitation and streamflow models are de-
signed to maintain cross correlation between stations,
to allow simultaneous simulation of the three station
series; however, individual models for each station re-
main autonomous, to allow concentration on a single
station for special purpose studies. The interstation cor-
relation structure is maintained by allowing residuals
from the single-station models to be correlated.
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GENERAL MODELING SCHEME

Both the precipitation and streamflow models are
applications of a general technique for modeling
multistation seasonal time series. This technique is
briefly outlined in this section. A discussion of alterna-
tive modeling methods will not be given; the method
used here is justified by showing its applicability to the
precipitation and streamflow series.

Suppose one has observed a seasonal time series con-
sisting of s seasons per year for each of N consecutive
years, at each of J interrelated stations. Denote this time
series as:

(X2 ., i=12,., J,n=0,1,., N-1, k=12,.., §,
where

Jj is the station index;

n is the year index;

k is the season index; and

tin,k)=ns + k is the cumulative time index.

The likelihood of certain extreme events involving the
process over the years N, N+1,.., N+M, where M is
large in comparison to N, can be determined by using a
stochastic model based on the observed series.

j) = ¥ ()
Let X}:’(n ) X(t](n,k) + € tn.k) denote the model for

the jth station, where )A(g)n ) 1s the deterministic or pre-

: ) V]
dicted component of Xgn,k) , and € e
or residual component. To allow both autonomy of the

individual station models and recursive simulation of

is the random

the time series, XY is assumed to be the linear func-

tn,k)

tion of previous values of the series at the jth station, and
of certain parameters that may be dependent on seasons
but not on years:

£

— - q ' i)
tin,k) - fk (ak(’)v Xl(’)y Xz(’), e X{t’(n

&)—1 )

where o, (j), B = 1,2..., s, are vectors of parameters to be
estimated. The single-station model residuals, which
could be correlated, are assumed to follow a normal
distribution with mean 0. Correlation of the within-
station residuals occurs in the streamflow model but not
in the precipitation model. Interrelations between sta-
tions can be maintained in the model by allowing resid-
uals from single-station models to be correlated between
stations. For example, if a high (low) value for station 1 is
usually accompanied by a high (low) value for station

2, then egr)"k) and E(t?:L,k) would be positively cor-
related.

Many types of time-series models useful for analysis of
hydrologic data fit the general form given in the pre-
vious paragraph. Some examples are autoregressive
integrated moving average (ARIMA) models (Box and
Jenkins, 1975), periodic autoregression models (Pagano,
1978), and trigonometric linear models (Graybill, 1976).
Trigonometric linear models were chosen for the precipi-
tation model and periodic autoregressions with moving
average components in the residuals were chosen for the
streamflow model. Parameters were estimated by the
method of least squares.

The assumption that residuals are normally distrib-
uted is often not true when untransformed time series
are modeled, especially hydrologic data. To achieve nor-
mality for residuals, a Box-Cox transformation often can
be utilized (Box and Cox, 1964). This transformation
follows the form (the station index is dropped for
convenience):

[Ketm s+ CP—1] Jno i A= 0

(Zonply=
loge‘Xt(n,k) +q

,ifA=0

where
X Hnk) is the untransformed series, and

Cis the nonnegative constant, for which
Xyt C>0 for all tink), n=0,1,.., N—1,
k=12,.,s.

The value of A for which residuals from the model of the

resulting series, {(Zt(n ,k)b‘}’ most closely followed a nor-

mal distribution was determined for both the precipita-
tion and streamflow series, using a maximum likelihood
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technique. For details of this technique and for an
analytic interpretation of the resulting transformation,
see Vecchia (1981a).

PRECIPITATION MODEL

The time series used for development of the precipita-
tion model consists of monthly precipitation totals, in in-
ches, at the Gothenburg, Kearney, and Grand Islands,
Nebraska stations, from January 1934 through
December 1978. Monthly means and standard devia-
tions of these series are listed in table 1. The large
differences in means and standard deviations among
months must be accounted for in the model either by in-
clusion of seasonally varying mean and variance com-
ponents or by transforming the raw data; the Box-Cox
transformation is adequate for removing seasonality in
the variances; a periodically varying deterministic com-
ponent is added to account for the monthly means.
Graphs of the series (figs. 2, 3, and 4) show that the data
truncated at zero and positively skewed, indicating that
a model fit to the untransformed data would have a non-
normally distributed random component. For example,
if the deterministic part of the model yields a value of 0.5
inch for January 1951, then the random component for
that month cannot be less than —0.5 inch, because
negative precipitation values are impossible. The Box-
Cox transformation of the data alleviated this problem.

SINGLE-STATION MODELS

Estimated autocorrelations and spectral density for
Kearney (fig. 5) indicate a strong periodicity of 12
months. Two classes of models that can be fit to series
exhibiting periodic autocorrelation structure are auto-
regressive integrated moving average (ARIMA) models
(Box and Jenkins, 1975) and trigonometric linear
models (Graybill, 1976). For a complete description of

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

the fitting of these two types of models to the single-
station series, as well as a comparison between models,
see Vecchia (1981a). Only the trigonometric models are
presented here, because they fit the observed series
better than the ARIMA models, and because they are
easier for simulation and evaluation of drought
probabilities.

Let {XY), t=1,2,3...} denote the precipitation series
for the jth station with j=1 corresponding to Gothen-
burg; j=2 corresponding to Kearney; and j=3 cor-
responding to Grand Island, with ¢t=1 corresponding to
January 1934. The values A=1/3 and C=0.01 yielded the
optimal Box-Cox transformation for all three stations,
so the original series were transformed to:

70 =[x +.01)%~1]* 3, j=1,23,

The cuberoot transformation has been analyzed by
quantifying an explanation of skewness in precipitation
distributions (Stidd, 1970). The transformed series were
modeled as follows:

Gothenburg:
27t

2t
Z\1=0.2009—1.1956*cos 15 ~0-1695%sin -

40.1293%cos 2?“+0.1089*sin%

27t

—0.1054*sin —6-+41); (1)

where {e{l)} are iid (independent, identically dis-
tributed) normal (0,0.8612); R2=50.2 percent.
Kearney:

27t
Z21=0.3492—1.1637*cos 21—7;—0.17 08*sin 12

+0.1699*sin 27”—0.1367*sin 2%%42’; (@)
where {¢2)} are iid normal (0,0.898%); R2=47.0 percent.

TABLE 1.—Precipitation statistics for Gothenburg, Kearney, and Grand Island, 1934 to 1978

Month Gothenburg Kearney Grand Island
Mean Standard deviation Mean " Standard deviation Mean Standard deviation

(inches) (inches) (inches) {inches) (inches) (inches)

Jan. 0.459 0.381 0.511 0.401 0.525 0.390
Feb. .500 440 688 539 786 641
Mar. 1.220 .881 1.357 1.138 1.238 1.067
Apr. 2.156 1.516 2.420 1.670 2.421 1.493
ay. 3.431 2.120 3.915 2.227 3.864 2.080
June. 4118 2.279 4.141 2.781 3.871 2.331
July. 2.587 1.610 2.962 1911 2.710 2.040
Aug. 2.493 1.285 2410 1.479 2.447 1.621
Sept. 1.892 1.453 2.451 1.986 2.443 2.153
Oct. 1.045 1.163 1.348 1.252 1.031 951
Nov. 597 588 730 .849 187 837
Dec. 473 344 576 473 603 .550
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Grand Island:

Z131=0.3187—1.117*cos 2mt

12
27t

+0.1216%sin2*~0.1097%sin %ﬂ@; (3)
where {¢} are iid normal (0,0.895%); R2=45.1 percent.

+o.1988*sin27“

Residuals from each of the above models were exam-
ined to insure that the following assumptions were not
violated: (1) The residuals ¢, are mutually independent;
and (2) ¢, is distributed normally, with mean 0 and
variance o? for all ¢. A visual inspection of the graphs of
the residuals versus time for each station indicated no



STOCHASTIC STREAMFLOW AND PRECIPITATION MODELS FOR PLATTE RIVER, NEBRASKA

F9

10 l | | T I I |
Gothenburg
0.5 |— ]
00F® g0 0®®e Yoo 00 ,%¢ o00e6°,0006°e°°®°c.00e’ -
_______________ o — . 0 0 "% e 2000
0.5 -
1.0 l | I l 1 L |
1.0 | | I I | I I
Kearney
2 05 —
o
=
<
d - — — A LT e T T T T T T T T ¢ ¢ — & ¢ ———6 —————
go.o—_o0°.‘_..‘ ‘...oo.. cees’ ® e .....Q. —
g -l e . e -
o
(@]
5
I 05 —
1.0 | | I | | | |
1.0 | | | T I | T
Grand Island
0.5 | —
) A N T LT A LA T
O 82 g% *°° 0%, 00°%%ee " *_ __2 02 % _
0.5 -
1.0 ] l l ] l ] ]
0 5 10 15 20 25 30 35 40

LAG, IN MONTHS

FIGURE 6.—Autocorrelations for residuals at Gothenburg, Kearney, and Grand Island within 95-percent confidence limits.

trends or abnormalities. Graphs of the autocorrelations
of the residuals for each station, along with 95-percent
confidence limits assuming white noise (fig. 6), show that
the residuals have no significant autocorrelation. A
histogram of the residuals for Gothenburg and Grand
Island (fig. 7), with the series statistics (table 2), show
that the residuals appear to be normally distributed, but
that some differences exist in the means and standard

deviations among the months. The differences were con-
sidered minor enough for the model to be used.

COMBINED-STATION MODEL
Models were determined for each station individually.

However, if joint probability statements are to be made
about the three stations, a multivariate structure must
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be added to the model. Because the stations are geo-
graphically near each other, they are assumed to be
similar in their precipitation patterns. Therefore, if the
error in predicting rainfall at any one station is a large
positive number (the rainfall is much greater for that
month than the model predicts), then the errors at the
other stations should tend to be positive. This is indeed
the case, as the estimated covariance matrix of the com-
puted residuals is:

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

Gothen- Grand
burg Kearney Island
Gothen-
. burg 0741 0546  0.484
Y =Kearney 546 .805 622
— Grand
Island 484 .622 799 [ and
the corresponding estimate of the correlation matrix is:
Gothen- Grand
burg Kearney Island
Gothen-
A burg 1.0 0.706 0.628
R=Kearney 706 1.0 773
— Grand
Island 628 173 1.0

Therefore, the final model for the joint monthly
precipitation series at Gothenburg, Kearney, and Grand
Island is:

Gothenburg: Z M=y D¢ 1), (4a)
Kearney: Z@2=p D+, (4b)
Grand Island: ZB=p, B+ (4¢)

where p,1) are the deterministic components given in
equations 1, 2, and 3 of the previous section and the se-

quences {f_t}={(et(1), €2, et(3))} are independent and iden-
tically distributed trivariate normaA\l random vectors,

with mean 0 and covariance matrix }. The deterministic
components are periodic functions with period 12 (¢=1
corresponding to January).

The purpose of the model is to make probability state-
ments about events in the future, not to predict specific
future precipitation values. If direct evaluation of the
probability of an event from the model is not possible,
then a number of future realizations can be generated to
determine frequency of the event. The simulation of
joint-station precipitation for a particular month pro-
ceeds as follows:

1. Generate three independent normal random vari-
ates with mean 0 and variance 1, (nﬂ, N2 ’7t3)' from
an existing normal random generator

2. Compute ¢(1)=0.8608%n,;, ¥ =0.6346%,
+0.634T*n,y, and € =0.5627*n,; +0.416T*y,
+0.5557*n,3;

3. add the corresponding deterministic components
to the residuals of (4) to obtain Z{, Z?), and Z¥;
and

4. Untransform Z‘t” to get precipitation in original

units:
x{=(z0) 13+1—0.01.
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TABLE 2.—Residual statistics for Gothenburg, Kearney, and Grand Island, 1934 to 1978

Month Gothenburg Kearney Grand Island

Mean Standard deviation Mean Standard deviation Mean Standard deviation

(inches) (inches) (inches) (imches) (inches) (inches)
Jan. 0.059 0.690 -0.054 0.631 -0.120 0.653
Feb. -.100 699 -.026 114 041 705
Mar. -.023 7566 .093 .870 -.003 .848
Apr. -.030 947 -.064 .894 -.044 .895
May. 021 1.017 -.046 1.064 .001 912
June. 117 911 .099 1.003 .105 915
July. -.128 934 -.016 .869 -.099 1.042
Aug. .169 718 -.093 .805 010 .831
Sept. -.158 1.048 .088 1.056 125 1.079
Oct. -.065 1.025 .011 .969 -.234 1.002
Nov. 074 .887 -.089 1.074 .108 999
Dec. .062 628 .098 179 .109 184

Total 0.0 0.0 0.0

Graphs of 40-year model simulations are presented for
Gothenburg (fig. 8), Kearney (fig. 9), and Grand Island
(fig. 10).

One method of evaluating model adequacy is to deter-
mine how well it reproduces monthly means and stand-
ard deviations of past data. Note that the historical
record is assumed to be one possible realization from an
underlying model driving the system. Therefore, the pur-
pose is not to reproduce past statistics exactly, but to
determine that the realization that occurred could have
come from the developed model within a reasonable
margin of accuracy (which depends on the purpose of the
model). Monthly means and standard deviations for the
actual data and for 10 model simulations of 40 years
each are presented in table 3 (Gothenburg), table 4
(Kearney), and table 5 (Grand Island). A graphical
display of the means for Kearney is shown in figure 11.
Data in the tables indicate that values for January and
February seem too large in the simulations for Kearney
and Grand Island, and the September simulations may
be slightly distorted. The distribution of values for all of
the months combined is another check of the adequacy
of the model. Although these values do not represent a
random sample from a single distribution, the simulated
sequences should closely resemble the past data. Some
quantile values of actual versus simulated data are
shown in table 6.

CALCULATION OF DROUGHT PROBABILITIES.

The discussion in this section shows how the precipita-
tion model can be used: (1) For direct evaluation of the
probability of a precipitation shortage of given severity
in any particular month; and (2) for determination of the
probabilities of multi-station and multi-month events.
The probabilities from (1) and (2) are used to determine
the likelihood of droughts of given severity and dura-

tions over the next 50 years.

Let Y,=f({ X{), ,).i=123,k=12,..12})

Where f is any real-valued function of the monthly
precipitation values of year n. Under the precipitation
model, Y, and Y,, are independent and identically
distributed random variables for all m # n. This allows
easy calculation of probabilities involving the series Yy,
Yn41s - Yyt (Where N—1 is the current year) from
the cdf (cumulative distribution function) of Y,
Fy(x)=P|Y,<x], because (Yp, Yyni1, o Yyyp) is 2
random sample of size M+1 from a population with cdf
Fy(x). The calculation of Fy(x) for two cases proceeds as
follows:

1. To evaluate the probability of the rainfall at a par-
ticular station in a month & of year n falling below level
¢, first let Y, =X, (the station index is dropped for
convenience). Because the Box-Cox transformation,
Zynpy is monotone increasing in X, ’ki’ probability
statements about X, 5) can be directly related to prob-
ability statements about Zy,, ,\:

Pyit)=P[X 4, =]
Fylt)=P|Z,, )= {(t+.01)%—1}*3]

Letting ¢'={(f+.01)"s—1}* 3, this probability becomes:

P[Zt(n,k)se l]=P[(Zt(n,k)—“t(n,k)) /O'S(g l—#t(n,k))/"]
P[Zt(n'k,sf ']=P ft(n,k) /as(e,—“t(n,k)) /0'] (5)

where ., 5) is the deterministic component for season
k and ¢ is the residual standard deviation for the par-
ticular station of interest (see the previous section). This
probability is easily evaluated from standard normal
tables, since e, 5 /o is normally distributed with mean 0
and unit variance. For example, to compute the proba-
bility that the rainfall at Grand Island in June of any
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TABLE 3.—Monthly means and standard deviations for actual precipitation data and 10 model simulations of 40 years each for Gothenburg

statistics
[Mean values (upper ber) dard deviations (lower ber) in inches]
Jan. Feb. Mar. Apr. May. June, July. Aug. Sept. Oct. Nov. Dec.
Actual Data
0.440 0.500 1.220 2.156 3.431 4.118 2.587 2.493 1.892 1.045 0.597 0.473
381 440 .881 1.516 2.120 2.279 1.610 1.285 1453 1.163 588 344
Simulations

1 502 553 .968 1.842 3.266 4.146 2.825 1.736 2.169 918 447 423
.?69 585 .632 1.281 2.070 2.271 1.855 1.160 1.696 978 .404 423

2 475 .506 1.434 2.027 3.198 3.802 2.594 2.182 2.407 1.096 511 521
.361 659 1.264 1.075 1.633 1.806 1.435 1.496 1.383 1.372 .566 543
3 .545 735 1.265 2.557 2.950 3.447 2.694 2.702 2.101 1.146 517 432
523 671 1.112 1.503 1.631 1.927 1414 1.656 1.649 977 516 .380
4 404 632 1.556 2.300 3.617 3.700 2.606 2.209 2.037 942 463 .408
548 520 .940 1.646 2.143 1.981 1.862 1.632 1.596 773 .436 374

5 457 719 1.306 2.158 3.440 3.774 2.728 2.506 1.883 1.045 631 588
414 185 1.127 1.721 2.318 2.015 1.613 2.238 1.744 727 619 622
6 574 .569 1.133 1.940 3.191 4.446 2.317 2.231 2.260 1.045 596 496
536 614 1.112 1.323 1.851 2.384 1.455 1.326 1.495 936 679 478

7 510 .580 1.292 1.992 2.744 4.097 2.508 2.711 2.524 1.101 581 410
453 .639 .822 1.065 1.703 1.888 1.686 1.832 1.733 .860 .595 617

8 .405 579 1.485 2.405 3.256 3.782 3.134 2.249 1.840 .985 528 333
.602 572 1.132 1.381 1.767 2.406 2.108 1.518 1.186 .880 581 .399
9 450 491 1.320 2.098 3.290 3.661 2.230 2.110 2.249 977 697 121
370 .556 .952 1.441 2.159 2.329 1.182 1.568 1.5633 857 .806 894

10 499 626 1.455 1.940 3.575 4.474 3.439 2.591 2.053 .817 649 .698
597 562 1.312 1.264 1.929 2.691 2.247 1.673 1.108 7188 707 832

TABLE 4.—Monthly means and standard deviations for actual precipitation data-and 10 model simulations of 40 years each for Kearney

statistics
[Mean values (upper ber) standard deviations (lower ber) in inches]
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.
Actual Data
0.511 0.688 1.357 2.420 3.915 4.141 2.962 2.410 2.451 1.348 0.730 0.576
401 .539 1.138 1.670 2.227 2.781 1.911 1.479 1.986 1.262 849 473
Simulations

1 702 747 1.081 1.950 .70 3.876 2.868 2.072 2.444 1.122 591 372
.804 653 .891 1.102 1.863 2177 1.921 1.482 1.554 .966 634 477

2 730 .635 1.316 2.706 3.878 3.296 3.063 2.829 2474 1.579 640 .501
570 780 1.148 1.317 1.776 1.887 1.747 1.663 1.678 1.606 539 447

3 137 977 1.142 2.960 3.727 3.646 2.915 2.912 2.150 1.506 713 457
.888 1.099 1.142 1.787 2.033 2.122 1.675 1.867 1.432 1.026 813 483
4 537 663 1.288 2.545 4.208 3.667 3.172 2.387 1.972 1.147 .705 616
827 .589 799 1477 2.224 2.157 2.627 1.627 1.402 1.015 .652 654

5 629 927 1.261 2.406 3.936 3.716 2.663 2.710 2.170 1.408 817 541
.663 .992 1.316 1.552 2.163 1.939 1.598 2.237 1.925 1.066 .680 .509

6 157 .689 1.002 2.422 3.353 4.222 2.951 2.639 2.673 1.283 .904 530
609 786 1.169 1.530 1.688 2.314 2.100 1.895 2.031 1.453 139 .509

7 .832 653 1.176 2.735 3.424 3.835 2.853 2.969 2.636 1.317 703 452
.694 .608 .859 1.605 1.954 1.888 2.056 1.917 1.696 913 .666 514

8 557 .881 1.264 3.065 3.909 3.593 3.274 2.316 1.915 1.038 644 .396
601 862 .780 1.929 1.801 2.203 2.313 1.417 1.218 1.060 594 .409
941 617 1.169 2.483 4.170 4.329 2.569 2.339 2.057 1.233 .659 728

1.066 .606 929 1.531 2.801 2.528 1.494 1.814 1.349 1.171 .655 948

10 .600 Aq71 1.379 2.382 4.159 4.568 3.862 2.761 2.330 1.039 789 694
547 .786 1.179 1.572 1.944 2.870 1.940 1.528 1.580 .840 794 733

Combined simnlations

702 766 1.208 2.567 3.846 3.875 3.021 2.593 2.282 1.267 17 529

.734 615 1.025 1.537 2.024 2.202 1.952 1.741 1.586 122 674 .585

1-10 109 092 153 229 .302 328 291 .260 .236 .182 .100 .087




F16

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

TABLE 5.—Monthly means and standard deviations for actual precipitation data and 10 model simulations of 40 years each for Grand Island

statistics
[Mean values (upper ber) standard deviations (lower ber) in inches]
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.
Actual Data
0.525 0.786 1.238 2.421 3.864 3.871 2.710 2.447 2.443 1.031 0.787 0.603
.390 641 1.067 1.493 2.080 2.331 2.040 1.621 2.153 951 .837 550
Simulations

1 .789 872 1.241 1.966 3.668 3.559 2.616 1.896 2.249 1.042 .483 .386
.882 .929 1.051 1.350 2.021 2.217 1.582 1.217 1.541 904 506 457
2 680 610 1.435 2.586 3.716 3.148 3.199 2.588 2.432 1.200 748 436
436 766 1.239 1.739 2.131 1.761 1.626 1.743 1.491 937 687 350
3 .847 1.086 1.108 2.632 3.323 3.281 3.041 2.770 2.088 1.508 108 433
712 1.491 .966 1.642 1.943 1.766 1.694 2.023 1.457 1.189 147 .385
715 .809 1.437 2.287 4.023 3.167 2.682 2.368 1.836 1.130 704 .650
1.002 .680 .664 1.364 2.719 1.707 2.128 1.396 1.252 .960 17 719
5 673 1.004 1.276 2.513 3.885 3.124 2.807 2.481 2.034 1.405 795 539
.668 1.108 1.100 1.325 2.292 1.721 1.608 1.880 1.5613 1.494 .586 449
6 .835 .691 1.028 2.349 3.632 3.724 2.555 2.370 2.489 1.132 .888 607
.582 626 1.189 1.529 1.790 2.581 1.797 1.767 1.769 1.009 723 565
7 .892 126 1.298 2.680 3.549 3.721 2.790 2.773 2.319 1.281 .582 .589
.873 .636 977 1.413 1.853 1.978 2.221 2.032 1.501 875 561 872
8 .685 174 1.289 2.724 3.697 3.232 3.084 2.176 1.845 1.188 711 421
.503 782 .873 1.684 1.481 1.681 1.945 1171 1.202 1.509 .800 .565
9 .899 729 1.301 2.716 4.161 4.033 2.383 2.351 2.198 1.118 817 742
.788 642 1.212 1.944 2.698 2.304 1.186 1.655 1.759 1.023 .819 070
10 .609 738 1.191 2.111 3.849 4.065 3.409 2.876 1.964 933 816 719
597 633 .810 1.392 1.992 2.479 2.005 1.765 1.162 852 .819 .855

year will be less than 1 inch, set k=6 and {=1. Then
refer to the model for Grand Island (eq. 3 of the previous
section) to obtain: ‘

u) 6 =0.3187—1.1174*cos 7+0.1988*sin 3
—0.1216*sin 27—0.1097*sin 7=1.4361.

With the above result and 0=6=0.895 and {'=0.00997
then:

P[x® o <1]=P[c8 ., 10.895 < —1.5934]

=P[Standard normal random variable < —1.5934]

=0.056 (see equation 5).

2. For the case when Y, is a function of several
months and (or) stations, such as Y= total precipitation
for May through August at Grand Island, direct evalua-
tion of Fy(x) becomes difficult. However, Fy(x) can be
determined from model simulations. Using the simula-
tion method outlines in the previous section, generate a
random sample of Y, of size L, (yy, ..., y;) where L is a
large number as determined below. If a certain number,
say M, of the values y;, y,, ..., ;, are less than or equal to
x, and if L is large, than a good estimate of Ply,, <x]
would be Fy, (x) = M/L, the proportion of the L values

which did not exceed x. To be more precise, define the
sample cdf of Y, Fy(x), as:

1(L . W)
Fr(x)y=— I v where
L( ) L i_-z=:1 (—oo,x]
I(y) - 1, if yin
(—oox] 0, otherwise

By the Glivenko-Cantelli theorem (Gibbons, 1971) Fy(x)
converges uniformily with probability one to Fylx).
Therefore, F; (x) can be used as a approximation to Fy(x),
if L is large enough to achieve accurate estimates for
small values of x. As a general rule in this report, the
sample cdf will be assumed to adequately estimate the
true cdf for all x for which:

L i)
Elx1 (—(Zo,xl

i=1

This rule can be used to pick L by noting that:

=>-10.

E|g1 ®

i=1 (-—Oo,x]
L

=LFylx).
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FIGURE 11.—Actual monthly means versus means from 10 simulations for Kearney.
TABLE 6.—Quantiles (all months combined) of actual data versus simulation
R‘“‘f‘l: Gothenburg Kearney Grand Island
less than Actual Simulated Actual Simulated Actual Simulated
tabular values) (inches) (inches) (inches) (inches) (inches) (inches)
10 0.16 0.12 0.21 0.15 0.19 0.17
20 31 32 45 .33 45 .32
30 58 .50 .70 .56 .68 60
40 .83 .82 .99 .87 95 93
50 1.22 1.07 142 1.33 1.30 1.24
60 1.66 1.45 1.79 1.78 1.68 1.58
70 2.19 2.12 2.40 2.32 2.36 2.31
80 2.97 2.97 3.40 3.19 3.26 3.17
90 4.26 3.82 4.71 4.44 4.51 4.31

For example, if a value x,, for which the precipitation ex-
ceeds with probability, 0.99 is the smallest x value of in-
terest, then Fy{x,,)=0.01, and L would be 1,000, for one
to expect, on the average, that:

For the drought analyses in this report, 2,000 years of
joint monthly precipitation from March through August
were simulated for the Gothenburg, Kearney, and Grand
Island stations. In addition, the monthly simulations
were averaged over the stations to obtain an average
precipitation series:
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variables were computed for each of the 2,000 years of
simulated precipitation:

UR=Xlna+ Xinap = 123
V=Xt Xihort X font Xinay i=123;
U, =X n a7+ Xipn, a7

Vn=)_(t(n,5)+ )_(t(n,6)+ X tn )T )_(t(n,s)’

U corresponds to precipitation totals for March and
April (snowmelt season); V corresponds to totals for May
through August (seed-germination period). The sample
cdf’s were computed for each of the above random
variables at various values of x (the drought severity
levels); they are given in table 7. The values of x were
determined as follows: The precipitation record
(1934-78) was used to estimate the mean rainfall, y, for
each season-station combination in table 7, and severity
levels were defined as y, %, %u, %u, and %u. The rationale
for using data rather than the model to estimate p is that
it is assumed because of the stationarity of the precipita-
tion present environment in the critical reach was main-
tained during the period of record. Therefore, changes in
precipitation, because of their effect on the river in en-
vironment, should be evaluated with reference to
historical patterns. A value in table 7 under the column
heading ‘““cdf” is an estimate of the probability that the
precipitation will fall below the corresponding severity
level in any given year (for the corresponding season-
station combination). Because L was chosen to be 2,000,
cdf values below 0.005 are not very reliable estimates.

The probability of a drought of duration m years or
longer during the 50-year planning period can be esti-
mated by using table 7. Suppose a drought is said to oc-
cur whenever Y, is less than a certain amount x, and
that the duration of the drought is the number of years

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

in a row that Y, is less than x. The problem above would
reduce to finding distribution of the longest number of
successes in a row a sequence of Bernoulli trials, with
success probability equal to probability [Y, <x]. David
and Barton (1962) show that if a sample of size r is drawn
(with replacement) from an urn consisting of black balls
and white balls, then, given that r; white and ry = r — r;
black balls were selected, the distribution of the longest
run K of white balls is:

e @i
Prob[K >m+1]=Pg(m,r,r)=1— t=0—t!—(r2+ et

where z(9=¢t* factorial power of z=2z(z—1)...(z—t+1). Let
M be the largest number of successes in a row in a se-
quence of 50 Bernoulli trials with success probability p;
then:

50
PIM=m+1]= nEOP[Mzm+1|N=n]-P[N=n];

where N is the total number of successes in the 50 trials
(hence N has a bionomial distribution). Therefore:

50
PIM=m+ 1]=n2=:0PK<m,5o,n) - PIN=n]

50
— . 50\ nq — -n
= L Pyim50n) (POlpra —pyo-n.

where P,(m,50,n) can be evaluated as accurately as
desired. Note that the summation in Pg{m,r,r;) is not
really an infinite sum for fixed m, r, and r;, because the
terms become zero, whenever t>r, + 1 or tm+¢ > ry. In
this context, the probability of one or more droughts of
m+1 years or longer during the next 50 years would be:

TABLE 7.—Drought severity levels and corresponding estimates of cumulative distribution function
[, historical mean of season; cdf, cumulative distribution function]

Three-station
Gothenburg Kearney Grand Island average
. Severity Severity Severity Severity
Season  Lrection level cfd level cdf level cdf level cdf
of mean (inches) (inches) (inches) (inches)
I 3.376 0.544 3.777 0.560 3.659 0.541 3.604 0.538
March 5/6 2.813 416 3.147 426 3.049 414 3.003 392
and 4/6 p 2.251 .258 2.5618 277 2.439 .267 2.403 .233
April 3/6 u 1.688 141 1.888 145 1.829 .140 1.802 .106
2/6 u 1.125 .045 1.259 .053 1.220 .051 1.201 .028
n 12.629 580 13.428 531 12.892 .556 12.783 562
May 5/6 pn 10.524 .353 11.190 312 10.743 327 10.819 294
4/6 p 8.419 139 8.952 122 8.595 .145 8.655 105
Aug. 3/6 n 6.314 027 6.71 025 6.446 .026 6.491 015
2/6 p 4.210 .001 4.47 .003 4.297 002 4.328 001
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PIM=m+1]

where
p=Prob[Y,

and a drought occurs whenever Y, <

ties of some droughts involving U, V) T, and V,are

presented in tables 8 through 11.

<x]

STREAMFLOW MODEL

The streamflow time series consists of monthly
average discharges (in cubic feet per second) from
September 1942 through August 1979 (September 1942
and water years 1943 to 1979) at the Overton, Odessa,
and Grand Island gaging stations (see fig. 1). These
series can be obtained from Petsch and others (1980).
The streamflow model is a model of 3-season flow series
obtained for each station by aggregating the monthly
series as follows: Season 1 flows consist of the sum of the
monthly series from September through February;
season 2 flows consist of the sum of the monthly series
of March and April: and season 3 flows consist of the
sum of the monthly series from May through August.
The year of season 1 will be designated by the year in
which it ends (that is, season 1 of 1943 consists of
September 1942 through February 1943). Graphs of
these 111 seasonal flow totals in the 37-year period from
water years 1943 to 1979 for each station are presented
in figures 12 through 14. Seasonal statistics for Overton,
Odessa, and Grand Island are summarized in table 12.
The means and standard deviations appear to be
significantly different across seasons (parameters will be
included in the models which can account for these dif-
ferences). Also, the positive skewness and kurtosis coef-
ficients indicate that flows for individual seasons are not
normally distributed. This distribution problem is
solved by a Box-Cox transformation (see precipitation
model) of the original flows to achieve a model in which
residuals are nearly normal.

SINGLE-STATION MODELS

Autocorrelations of the flow series will be important in
determining the appropriate model to fit to the data. In
ordinary autoregressive-moving average (ARMA) time-
series modeling, the autocorrelation structure of the
series is assumed to be the same for each season, an
assumption which does not appear to be true in this case
(fig. 15). An explanation of the term seasonal autocorrela-
tions follows. Let X, 5, =0,1,2,.N—1, k=12,.., s, be
a seasonal time series, where t{n,k) = ns+k; n is the year

index (there are s seasons per year); and k is the season
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index. The lag defined for members of the series X, ;) is
a seasonal lag and not a yearly lag. For example,
Xynk)—2 Where k=3, is season number one of year z,
and X, B)—4r where k=3, is season number 2 of year
(n—1). The autocorrelation for season k& at lag Jj is defined
to be p,;= Corr Xy, 4, Xy k,_]) and is assumed
throughout to be mdependent of n. The values graphed
in figure 15 are estimates Pkg’k =1,2,3, j=1,2,... 6 ob-
tained by using the formula

A 1 Na
= B Vi) Yonpi—)

1\3:1
where Yy, =Xy )~ & Xetn
N

and Y yn ky—=0 for t(n,k)—j=<0. The class of periodic
autoregressmn models are useful in modeling time series
that have heterogeneous correlation structure among
seasons. The models used to describe the single-station
series fall under this class, for which a substantial base
of theory has been developed (Pagano, 1978; Parzen and
Pagano, 1979; Troutman, 1979). Only the statement of
the models will be given here. For a complete exposition
of the model fitting and parameter estimation, see Vec-
chia (1981b).

Results for the three stations are summarized in
table 13. The notation has been changed slightly by
dropping the cumulative time index, ¢; X,, ;, denotes the
streamflow in season k of year n. The R2 value for season
k is interpreted as the percentage of the variation of the
observed data for season k from 1945 to 1979 (allowing
for lag considerations), which is accounted for by the
nonrandom component of the model. Note that the last
season has a low R? value. This does not indicate model
inadequacy, but rather shows that season 3 variation is
nearly random with respect to previous values in the
series. However, season 3 is important in predicting
season 1 of the following year; hence, it should be in-
cluded in the model.

It is assumed for each station that {en} are iid normal
random variables, with E(e,)=0, and Cov (¢,)=D (a
diagonal matrix), or that the errors are independent from
season to season. Residuals from the models from 1945
to 1979 were examined to check these assumptions.
Some statistics of the residuals are in table 14, which
reveals no obvious deviations from normality, or from
the assumption that Efe,)=0. A graph of the residual
series for Odessa from 1945 to 1979 is shown in figure
16; it is observed that no obvious trends are taking place.
To check the assumption of no correlation between
seasons, lag autocorrelation matrices for the residuals
were examined. The lag k& autocorrelation matrix of the



F20 HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

TABLE 8.—Probabilities of some droughts of duration m years or longer for Gothenburg
[u, historical mean of dreught period, in inches]

Sover
Season ovelt” 1 2 3 4 m 6 7 8 9
u= 3.376 1.000 1.000 0.994 0.908 0.688 0.446 0.262 0.147 0.080
March 5/6 p= 2.813 1.000 999 911 596 298 1381 055 .023 .009
and 4/6 u= 2.251 1.000 939 475 .146 .039 .010 002 .001 000
April 3/6 p= 1.688 999 584 110 .016 .002 .000 .000 .000 .000
2/6 u= 1.125 .900 091 .004 .000 .000 .000 .000 .000 .000
©=12.629 1.000 1.000 998 951 .788 562 363 221 130
May 5/6 p=10.524 1.000 .994 7185 393 155 .056 020 .007 .000
through 4/6 p= 8.419 .999 574 .106 015 .002 .000 .000 .000 .000
Aug. 3/6 u= 6.314 745 .034 .001 .000 .000 .000 .000 .000 .000
2/6 p= 4.210 .049 .000 .000 .000 .000 .000 .000 .000 .000
The severity level is the value (in inches) that defines the occurrence of a drought.
TABLE 9.—Probabilities of some droughts of duration m years or longer for Kearney
[p, historical mean of drought period, in inches]
Severit,
Season Jevell 1 2 3 4 i 6 7 8 9
p= 8.777 1.000 1.000 0.996 0.929 0.735 0.497 0.305 0.177 0.100
March 5/6 u= 3.147 1.000 999 925 627 .325 .148 064 027 .008
and 4/6 p= 2.518 1.000 960 544 .186 .053 015 004 .001 .000
April 3/6 u= 1.888 999 .604 .119 .018 .003 .000 .000 .000 .000
2/6 p= 1.259 934 123 007 .000 .000 .000 .000 .000 .000
#=13.428 1.000 1.000 992 .887 649 .405 281 125 .066
May 5/6 ¥=11.190 1.000 982 665 273 091 .029 .009 .003 2001
through 4/6 p= 8.952 998 485 074 009 .001 .000 000 .000 .000
Aug. 3/6 u= 6.714 .18 029 2001 .000 2000 000 000 .000 000
2/6 y= 4.476 139 .000 .000 .000 .000 .000 .000 .000 .000
“The severity level is the value (in inches) that defines the occurrence of a drought.
TABLE 10.—Probabilities of some droughts of duration m years or longer for Grand Island
[ historical mean of drought period, in inches]
Severit;
Season lovel!” 1 2 3 4 " 6 7 8 9
u= 3.659 1.000 1.000 0.994 0.903 0.680 0.436 0.255 0.142 0.077
March 5/6 u= 3.049 1.000 999 909 .589 .292 .128 .053 .022 009
and 4/6 p= 2.439 1.000 950 .508 164 .045 012 .003 .001 .000
April 3/6 u= 1.829 999 579 .108 .015 .002 .000 .000 .000 .000
2/6 u= 1.220 927 122 .006 .000 .000 .000 .000 .000 .000
»=12.892 1.000 1.000 996 924 723 484 294 .169 091
May 5/6 p=10.743 1.000 988 112 315 112 037 012 .004 .000
through 4/6 p= 8.595 999 .604 119 .018 002 .000 .000 .000 .000
Aug. 3/6 p= 6.446 7132 .032 .001 .000 .000 .000 .000 .000 .000
2/6 u= 4.297 .095 .000 .000 .000 .000 .000 .000 .000 .000
"The severity level is the value (in inches) that defines the occurrence of a drought.
TABLE 11.—Probabilities of some droughts of duration m years or longer for the three-station average
[, historical mean of drought period, in inches]
Severit;
Season fevel” 1 2 3 4 i 6 7 8 9
u= 3.604 1.000 1.000 0.993 0.899 0.671 0.427 0.247 0.137 0.074
March 5/6 = 3.003 1.000 998 872 518 237 097 .038 .015 .002
and 4/6 u= 2.403 1.000 .900 384 .102 024 .006 001 .000 .000
April 3/6 u= 1.802 996 397 .050 .005 .001 .000 .000 .000 .000
2/6 p= 1.201 758 039 .001 .000 .000 .000 .000 .000 .000
#=12.983 1.000 1.000 997 932 .740 .504 310 181 .103
May 5/6 1=10.819 1.000 973 604 .226 070 021 .006 .002 .000
h 4/6 = 8.655 .996 .392 049 .005 001 .000 .000 .000 .000
Aug. 3/6 u= 6.491 .530 011 .000 .000 .000 .000 .000 .000 .000
2/6 u= 4.328 049 .000 .000 000 000 000 000 .000 .000

YThe severity level is the value (in inches) that defines the of a drought
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TABLE 12.—Flow statistics for Overton, Odessa, and Grand Island,
Nebraska, water years 1943 to 1979

[ft’/sqnunths, cubic feet per second-months]

Average
Season sea::ln 3::‘:;:: Skewness Kurtosis
(ft¥s-months)  (ft¥/s-inonths)

Overton 1 8093.2 39226 2918 11.068
2 3641.9 2044.5 3.043 11.927

3 4809.7 5108.1 2.904 8.554

Odessa 1 7585.5 3864.5 2.676 9.757
2 3662.9 2062.8 2.618 9.438

3 4363.8 4960.7 2.669 7.368

Grand Island 1 7219.4 4184.1 2.860 10.962
2 4068.6 1973.1 2.065 6.564

3 4653.6 4643.8 2.448 6.456

residual vector ¢, is defined as Cov (e, ¢,_}) (note that
lags are now in years). Estimates of these matrices for
k=0,1,2,3 appear in table 15. Each estimate is based on
about 35 observations, and an approximate standard er-
ror of the estimate is 1/4/35=0.17. Therefore, any value
below about 0.3 in absolute value can be considered in-
significant. The only problem is the lag 1 correlation for
season 2 (Corr (€n.2 en—-l,2))' which is about 0.4 for each
station, but drops off to near zero for the remaining lags.

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

This correlation can be preserved in the model by allow-
ing ¢, 5 to follow a moving-average process of order 1
(Box and Jenkins, 1975). In other words, ¢, 5=¥, o+6
¥, _, o with {¥, 5, n=0,1,...} a white-noise process. Mo-
ment estimates of © were determined to be 6=0.63 for
Overton, and 6=0.5 for Odessa and Grand Island. A
precise statement of the models with moving-average
components included will be given in the next section.
As a final check, the models were used to simulate 10
realizations of 37 years each, the same length as the
historical series, and the properties of the simulations
were compared to the historical series. Some statistics of
the simulations are in tables 16, 17, and 18. Care must be
taken in interpreting the tables owing to high variability
of the skewness and kurtosis coefficients for such short
data sets. The standard deviations for most of the
simulations are lower than the respective observed stan-
dard deviations. This could indicate two things: (1) The
observed standard deviation is higher than the long term
standard deviation; (2) the standard deviations of model
simulations are biased, possibly owing to the inverse
transformation of model output. For purposes of this
report, these differences did not warrant further in-
vestigation. Season 2 and 3 are of primary interest;
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TABLE 13.—Individual station streamflow models.
IZ, transformed streamflow variable X, seasonal streamflow; ¢,, residual component: R?, explained variation due to model]

Overton

z, =[x, +0.01)-1—1{—0.1)—p,, i=1,2,3
Seasonal mean vector p'=(u;, po, #3,)=(5.9000, 5.548, 5.569)
Z,1=0.3632 * Z,_, ;+0.1449 * Z, | 1 +¢,,

2,5=1.0756 * Z, , + ¢, 5
Z,5=0.4646 * Z,5+0.2631 * Z,_y3+¢, 3

Season: 1 2 3 Overall R*=33 percent
R~ 67 76 12.4
percent percent percent

Covl(e,)=diag (0.00706, 0.00825, 0.08944)

Odessa

Z, =log,(X, ;+0.01)—p,; i=1,2, 3
u'=(8.84217, 8.0965, 7.9568)
Z,,=0.3423 * Z,_, 3 +0.1461 * Z,_, ,+¢,,

Z,,=0.9168 * Z, ,—0.0982 * Z,_, 1+¢,5
Zn'3=0.7850 * Zn’2+6n.3

Season: 1 2 3 Overall R*=28 percent
Rz 67 66 12
percent percent percent

Covle,)=diag (0.05082, 0.06616, 0.77623)

Grand Island

Z,, =log, X, +0.01)—p;, i=123
'=(8.7668, 8.2185, 8.0729)
Z,,=0.4198 *Z,_, ;—0.0469 * Z, | 1 +0.1284 * Z, 53+,

Z,,=0.6715* Z, ,—0.0949 * Z,_, ,+¢, 5
Zn‘3=0.7757 * Z",2+E"'3

Season: 1 2 3 Overall R*=26 percent
R 68 50 8.2
percent percent percent

Covle,)=diag (0.07431, 0.08806, 0.74906)

TABLE 14.—Statistics of residuals from individual-station models 1945 to 1979 (water years)

Overton Sept. to Feb. March to April May to Aug.
Mean 0.004 -0.002 0.000
Variance 007 .008 .089
Skewness .053 -.055 253
Kurtosis -.761 1.216 -.872
Maximum values -.175 -.261 -.569
Minimum values 174 222 625
Odessa Sept. to Feb. March to April May to Aug.
Mean 0.003 0.000 0.004
Variance .051 .067 176
Skewness .098 -.563 -.045
Kurtosis -.499 .287 -.107
Maximum values -.493 -.675 -2.206
Minimum values .500 528 1.732
Grand Island Sept. to Feb. March to April May to Aug.
Mean 0.011 -0.002 -0.006
Variance 074 .088 749
Skewness 218 -.110 -.110
Kurtosis .362 124 124
Maximum values -.658 -.632 -2.259
Minimum values 610 654 1.713

however, most of the season 2 skewness and kurtosis
coefficients for the Odessa and Grand Island simula-
tions are smaller than the observed values. This problem
is not considered serious enough to cast doubt on the
validity of the model.

COMBINED-STATION MODEL

Thus far, cross correlations between streamflow sta-
tions have not been considered. However, if simulations
of more than one station are generated, these simula-
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TABLE 15.—Matrices of autocorrelation of residuals

Station
Lag Overton Odessa Grand Island
(years)
Season Season Season

Season 1 2 3 1 2 3 1 2 3
0 1 1.0 -0.0563 0.178 1.0 0.064 0.207 1.0 -0105 0.113
2 -.053 1.0 -.011 .064 1.0 -.018 -.105 1.0 016

3 178 -.011 1.0 207 ~-.018 1.0 113 016 1.0
1 1 -.266 -.194 .020 -.214 -.188 ~-.003 -117 -124 .029
2 -.234 446  -.150 -.246 .403 -.024 -.243 396 -.048
3 -.049 .083 -.070 047 -.015 -.200 0717 -.046 -.182
2 1 .125 -.247 .032 .024 -.131 191 -.057 -.074 .099
2 -.088 207 -127 - -178 110 .004 -.261 -.039 152
3 .067 -.058 045 119 .059 231 102 .160 214
3 1 -.014 ~-.197 .006 .024 -.163 .056 .013 -.163 115
2 178 006 -.204 120 -.108 ~.215 116 -097 -.169
3 .246 -.047 -.042 .200 -.051 -.086 .245 -104 -.066

tions should maintain continuity between the stations.
This will allow simulation of average flow series for two
or three of the stations by simulating from the
combined-station model and averaging the appropriate
values. Station continuity is maintained in the model by
allowing the residual vectors, ¢,, to be correlated from
station to station. Let £, be the residuals for Overton, v,,
the residuals for Odessa, and 5, the residuals for Grand

Island. The results are easier to interpret if the residuals
are grouped together by season rather than by station,
so define [e(‘)]’=(£m, Ynis Ong) for i=1,2,3 and ¢,'=(cl}V, ¢, 12V,
3. The autocorrelation matrices Corr (en, en__k) (note
that lag values are now in years) were estimated for
k=0,1,2,3; no significant values were found among the
submatrices Corr (¢?, e(l_)k) k=0,..,3 and i%j (a value is

considered 51gmficant if it is greater than 0.3 in absolute
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TABLE 16.—Seasonal statistics for actual streamflow data and 10 model simulations for the same length for Overton, Nebraska
[Means and standard deviations are in cubic feet per second-months]

September through February March and April May through August
Standard Standard Standard

Mean deviation Skewness  Kurtosis Mean deviation Skewness  Kurtosis Mean deviation Skewness  Kurtosis

Actual data
8093 3923 2918 11.068 3642 2044 3.043 11.927 4810 5108 2.904 8.554

Simulations
1 8489 2822 0.194 -0.602 3750 1550 0.990 1.411 4952 4399 3.029 11913
2 6972 2993 1.146 .764 3399 2172 1.811 2.897 3592 2965 1.757 3.838
3 7796 2730 1.132 .558 3705 1676 1.372 1.591 4017 3456 2.489 6.001
4 7990 3471 .899 -.161 3709 1727 .853 510 4173 4661 3.216 11.305
5 8972 4044 1.795 4.885 4674 2989 2.830 10.202 5367 3749 1.200 1.293
6 8101 3074 1.085 .826 4006 1936 1.789 4.161 5153 4867 3.274 13.135
7 6902 1825 .426 -.178 3145 1040 .629 -.056 3282 1927 .903 -.251
8 7040 2684 125 222 3032 1109 .455 -.104 3630 3752 2.838 9.369
9 8159 4082 933 222 3705 1809 1.010 693 5286 5275 2.022 4.708
10 8398 3396 1.994 5.601 3724 1668 3.605 16.009 4218 3806 3.184 12.057

TABLE 17.—Seasonal statistics for actual streamflow data and 10 model simulations for the same length for Odessa, Nebraska
[Means and standard deviations are in cubic feet per second-months]

September through February March and April May through August
Standard Standard Standard

Mean deviation Skewness  Kurtosis Mean deviation Skewness  Kurtosis Mean deviation Skewness  Kurtosis

Actual data
8093 3923 2918 11.068 3642 2044 3.043 11.927 4810 5108 2.904 8.554

Simulations
1 7325 2612 0.108 -0.785 3423 1469 1.168 2.012 3612 2679 0.984 0.197
2 7645 3642 1.325 1.685 3671 2208 1.438 1.806 4518 4921 2.181 5.366
3 6779 2505 1.189 1.156 3379 1518 922 227 3987 6098 4.452  21.502
4 7513 2839 1.638 3.144 3863 1594 1.219 1.180 4645 5465 2.307 4.597
5 7691 2939 1.036 1.075 3526 1705 2.283 7.422 4965 4829 2.079 4.661
6 6533 2666 1.125 701 3707 1510 1.093 1.422 3349 3755 1.816 2.204
7 7219 3479 1.670 3.358 3487 1839 1.068 115 3877 4559 3.184 11.803
8 7183 2282 704 2.169 3311 1340 1.016 1.314 3219 2221 939 ~-.153
9 6656 2281 751 .946 3222 1285 583 -.084 3483 2695 1.608 2.713
10 6734 1939 635 -.061 3150 1158 .483 -.616 2833 2103 1.851 3.834

TABLE 18.—Seasonal statistics for actual streamflow data and 10 model simulations for the same length for Grand Island, Nebraska
[Means and standard deviations are in cubic feet per second-months]

September through February March and April May through August
Standard Standard Standard

Mean deviation Skewnes$  Kurtosis Mean deviation Skewness Kurtosis Mean deviation Skewness  Kurtosis

Actual data
7219 4184 2.860 10.962 4068 1973 2.065 6.564 4653 4644 2.448 6.465

Simulations
1 7670 4679 2.179 5.272 4228 1874 2.005 6.137 4400 4816 2.877 9.581
2 8815 4068 1.153 1.661 4502 1920 814 212 6232 4701 1.233 .865
3 7634 3819 1.654 3.667 3440 1472 704 -.178 8386 4929 1.785 3.398
4 7784 4386 2.818 10.631 4028 1812 1.002 1.162 5502 8219 4.739  23.758
5 6952 3715 1.536 2913 3638 1851 1.564 3.146 5903 8254 3.608 15.341
6 6865 3160 1.229 1.382 4279 1671 .707 .186 4414 3996 1.582 1.794
7 6750 3355 1.619 2.105 4203 2028 1.164 783 4896 6069 2.633 6.810
8 7843 4111 947 -.210 4727 2956 1.770 4.042 6093 8237 3.968 18.084
9 9154 5016 1.391 1.998 4883 2291 1.331 1.867 7523 8093 2.613 7.681
10 7694 3351 .383 -.942 4173 1968 1.073 158 4941 4364 995 -371
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value). All correlations between the residuals occur
within the same season. Among the matrices Corr (¢,
eii),), the only significant values occur for k=0; i=1,2,3;
k=1; and i=2. These matrices are given in table 19.

Recall from the individual models that a moving
average component was added to the residuals for the
second season. In particular, we have £,,=£+0.63
Er— 1 Taz=Yn+0.5 vj_1, 8,3=01+0.5 8n_; where (£%, 17,
8;) and (£}, v}, ;) are independent for n # t.

Let (e5)=(gx, 72, 82).

It is straightfoward to show that if

Cov(efl)= 0.00591 0.01586 0.01772
01586 .05293 .05558
01772 05558 07045

then Corr (€2, é2) = 110 0893 0864
893 1.0 910
.864 910 1.0

and Corr (2, él2))= 10450 0428 0414
339 400 364

328 364 400

It is evident that the lag 1 matrix for season 2 in table 19
can be explained by the moving average components.

It should be noted that the same parameter estimates
obtained for the single-station models were used for the
combined model rather than estimating the parameters
in a multivariate sense. These estimates can easily be
shown to correspond to the ordinary least squares
estimates. This should not greatly affect the perform-
ance of the model for simulation.

The statement of the combined-station model is: Let
{Z19)} be the transformed and mean standardized

values for Overton; let {ZI9} be the transformed and
mean standardized values for Odessa; and let {Z{G)} be

the transformed and mean standardized values for
Grand Island. (See table 13.) The final model becomes:

Z‘f{” =0.3632+% g(’?_vi 30.1449*21?_”;'1%,,'1 (6a)
Overton
Z'%)=1.0756+ Z0) +£+063 g1, (6b)
Zﬁf;,”’ =0.4646* z(’g;) +0.2631*Z‘:7_";3-E,,,3 (6¢)
Zfii)=0.3423* z'fj'; ’30.1461*210;‘;;7,,,1 (7a)

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

TABLE 19.—Significant cross correlations between residuals from
individual-station models

[Lag, in years]
Grand
Overton Odsessa Island
Season 1
(September Lag 0 Overton 1.0 0.941 0.871
through Odessa 941 1.0 913
February) Grand Island 871 913 1.0
Season 2
{(March and Lag 0 Overton 1.0 .893 .864
April) Odessa .893 1.0 910
Grand Island .864 910 1.0
Lag 1 Overton .446 .436 .430
Odessa 387 .403 395
Grand Island 420 410 .395
Season 3
{(May through Lag 0 Overton 1.0 945 918
August) Odessa 945 1.0 .988
Grand Island 918 .988 1.0
Odessa
Z'0d) =0,9168* Z!0N—0,0982%Z 0D+~ +5 4, (7b)
n2 n,1 n—11"'" n
z if’:’ =0.7850% Z‘f;’)+7n,3 (7¢)
ZGD =0,4198* Z!GD —0.0469*ZGD
nl n—13 n—1,1
+0.1284* Z\GD +6,, (8a)
n—23
Grand
Island
Z/GD =0,6715% ZIGD +0.0949+2'CD 457+ 55, _, (8b)
n2 n,1 n—1,1
GI) — G.
zL ' ;’ =0.7757* Z(,., 21)+5n,3 (8¢)

Let (f(rp)':(sn,l' 7n,1’ en,l)’ ‘E(nz))':(z; 'Yn" 6:)’ (f(na))’=(zn,3'
Yn3 Ong) Then: &), j=1,2,3, n=0,1,... are independent
normal random vectors with

Cov (D)= [ .00706  .01782  .01993
01782  .05082  .05608
01993  .05608  .07431
Cov (€2)= [ 00591  .01586  .01772
01586  .05293  .05558
01772 05558  .07045
Cov ([€3)= [ .08944  .24913  .23767
24913 77623 75345
23767  .75345 74906

Eéf)=0 for j=1,2,3.
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Graphs of 50-year simulations from the combined-
station model are given in figures 17, 18, and 19. The
unusually high discharge values for the 72nd simulated
values at Odessa and Grand Island (73,396 ft¥/s-months

“for Odessa and 96,266 ft*/s-months for Grand Island)
may seem at first to point to a model inadequacy. How-
ever, out of five hundred 50-year combined-station sim-
ulations from the next section, only eight contained
values greater than 90,000, which indicates that this par-
ticular simulation happened to be an extreme case.

SIMULATION AND EVALUATION OF
PROBABILITIES

The model of the previous section can easily be used
for simulation of 3-station, 3-season flow series over the
next 50 years. The complicated dependence structure be-
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tween seasons and between stations causes direct
evaluation of probabilities of most events of interest to
be difficult. However, if one obtains N 50-year simula-
tions from the model, n of which exhibit a certain event,
then an estimate of the probability of that event occur-
ring over the next 50 years would be n/N, assuming that
all simulations are equally likely.

Suppose one has data for years 0, 1,..., ¢ (¢ corre-
sponds to 1979 here) and wants to simulate from the
model for years t+1, . . ., t+50. Referring to table 13 and
to any of the equations of the last section, one would pro-
ceed as follows:

1. Obtain the values of the series from years ¢ and
t—1 that are needed in the chosen equation for
year t+1; these values are transformed as in
table 13.

400 T T T T T
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| l |

l I 1 I 1 1

12 24 36 48 60
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84 96 108 120 132 144 156
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FIGURE 17.—Fifty-year simulation of streamflow at Overton, Nebraska from the combined-station model.
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FIGURE 18.—Fifty-year simulation of streamflow at Odessa, Nebraska from the combined-station model.
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FiGURE 19.—Fifty-year simulation of streamflow at Grand Island, Nebraska from the combined-station model.
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2. Generate random vectors e‘,l*).j, € (t2) , € (tzl,j, € (t3)+ o

Jj =12, .., 50. The easiest way to do this is to gen-
erate a vector of three independent standard nor-
mal random variables for each season and each
year and then transform them to obtain the
desired covariance matrices. For instance, if Cov
(e(tﬂ):Ej, then Ej can be written as I‘]’. I‘j, where I‘j is
3X3 of rank 3. Hence, if e%’ll is a 3X1 standard
normal random vector (Cov (e(t-’ll)=I), then
I‘j’eg’ll=e§’llis a nor,mal rand,om vector, with
covariance matrix I‘j I‘j=Ej. I‘j for j=1, 2, 3 is
shown in table 20.

Note that for season 2, €(t2) is not observable

from the past series. The following is observable:
£+0.63¢8_1,v;+0.5v;_1,8+0.58;_;.

There are ways to estimate e(tz) from the available
data, but since the initial effect of e(tz) on the
simulations will die off quickly and the simula-
tions are so long, the effect of using ¢?) generated
as above will be negligible.

3. Now all the quantities necessary for the genera-
tion of Z, | for each station are secured. Using
the chosen equation, generate Z, , ; ; followed by
Z,,19 and Z,,, 3 for each station. Once Z,; is

generated, Z, , ;. can be generated by using Z,  ;

k —
and (h) | B=1,2,3.

4. Untransform the simulated values to get the series

in terms of the original units.

Results of a simulation study involving some flow
events for season 2 (March through April) and season 3
(May through August) are presented in table 21. The
flow events represent a range of discharges that can be
related to certain habitat characteristics.

Based on a study by R. T. Hurr (1981) it was found
that ground-water levels at Mormon Island would rise to
within 8 inches of the land surface if the discharge in the

TABLE 20.—Full-rank decompositions of seasonal-covariance matrices

1E=rm)

Season 1 I, = 0.08402 0 0
21208 07643 0
23719 07557 11108

Season 2 Iy, = 07688 0 0
.20631 .10182 0
.23050 .07883 .10538

Season 3 ry = .29906 0 0
.83303 .28686 0
79471 .31873 .12612

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

channels was 3,000 ft¥s. For season two, this is equiv-
alent to a seasonal sum of 6,000 ft¥/s-months. A seasonal
value of 8,000 ft¥/ssmonths would raise the levels to
within about 4 inches of land surface, while a value of
4,000 ft¥/s-months would drop the levels to about one
foot below land surface. These values are assumed to en-
compass the critical ground-water levels necessary for
an acceptable wet-meadow habitat in this area. Pro-
bability values based on these flows are presented also
for Overton and Odessa, although the ground-water
streamflow relationships regarding possible wet-
meadow complexes in these areas have not been
determined.

Season 3, May through August, is the seed-
germination period within the critical habitat reach. If
the process of channel maintenance is to occur during
this period, the flows should be sufficient to prevent
seedling establishment, as well as to transport the sedi-
ment necessary for erosional processes of channel forma-
tion. Channel-geometry plots from Eschner (1981) show
that a width of 500 feet near Odessa is associated with
an instantaneous discharge of approximately 3,000 ft¥s.
This width is estimated as the minimum unobstructed
width necessary for suitable crane habitat. Therefore, as
an approximation for each reach, seasonal streamflow
means of 4,000, 12,000, and 20,000 ft*/s-months were
chosen as channel-maintenance discharge reference
points for calculation of exceedence probabilities. These
streamflow means are presented as seasonal values
because of limited model resolution. They do not imply
that these discharges are necessary throughout season 3
to maintain the channel; in fact, flows listed in table 10
are probably necessary for no more than 15 percent of
season 3 to maintain the channel.

Critical discharge levels for maintenance of both wet
meadows and channel cross sections can be compared to
the probabilities of achieving these levels over the next
50 years using table 21. This comparison guide should
assist habitat managers and water users in the area to
plan effective utilization of available flows to satisfy pro-
jected water demands. Five hundred 50-year simulations
were generated; probabilities of the events of table 21
were evaluated by counting the number, n, of the 500
simulations that satisfied the event, and taking n/500 as
an estimate of the probability. To achieve an approx-
imate estimate for the variability of these probability
estimates, assume that each of the simulations is inde-
pendent of the others. This assumption is not quite valid
since the observed streamflow values for 1978 and 1979
were used as input to start each of the simulations.
However, this transience will not significantly affect the
results presented here. If p is the true probability of the
event A (A could be any event involving the future of the
streamflow series), and n is the number out of 500
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TABLE 21.—Estimates of the probability of level x being surpassed at least m times over the next 50 years
[ft¥/s-mnonth, cubic feet per second-nonth]

X

Season ft¥s-month Station m: 1 2 3 4 5 6 7 8 16 20 24 30
2 4,000 Overton 1.0 1.0 1.0 1.0 1.0 1.0 1.0 096 049 025 0.07 0.01
Odessa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .56 .25 .06 .00

Grand Island 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 94 71 .34 04

2 6,000 Overton 093 083 067 052 039 0.27 17 .09 .00 .00 .00 .00
QOdessa 98 91 .79 .66 47 .34 .23 14 .00 .00 .00 .00

Grand Island 1.0 99 91 .90 .80 87 .54 .43 .00 .00 .00 .00

2 8,000 Overton .60 31 13 .06 .02 .01 .00 .00 .00 .00 .00 .00
Odessa .68 .38 17 .06 .02 .01 .00 .00 .00 .00 .00 .00

Grand Island .83 .59 .37 .20 .09 .04 .02 .01 .00 .00 .00 .00

3 4,000 Overton 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .80 .56 31 .05
Odessa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 71 .35 .09 .00

Grand Island 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .89 .54 21 .00

2 12,000 Overton .89 .69 .49 .28 .16 12 .06 .03 .00 .00 .00 .00
Odessa 96 .83 .62 40 22 12 .06 .02 .00 .00 .00 .00

Grand Island .97 .90 71 .53 .33 .18 11 .06 .00 .00 .00 .00

3 20,000 Overton 43 18 .06 .02 01 .00 .00 .00 .00 .00 .00 .00
Odessa .61 27 .09 .04 .01 .00 .00 .00 .00 .00 .00 .00

Grand Island .68 .36 .12 .05 .02 .00 .00 .00 .00 .00 .00 .00

simulations in which A is observed, then, under the in-
dependence assumption:

PRECIPITATION-STREAMFLOW
CORRELATION

n

n |_pQ-p
500

v
ar 500

The precipitation and streamflow models are intended
as tools for simulation and calculation of probabilities of
specific precipitation and streamflow conditions. The
streamflow model can be used with channel-geometry
models and stream discharge-ground-water level models
to evaluate future wildlife-management alternatives.
The precipitation model is useful in estimating prob-
abilities of drought severity and duration that otherwise
could not directly be estimated because of the short
record.

Because of the presumed interrelationship between
precipitation and streamflow, the joint effects of pre-
cipitation and streamflow on water use, including
ground-water pumping, can only be determined from
more extensive data collection and more sophisticated
modeling procedures. Nevertheless, the correlation be-
tween precipitation and streamflow may allow initial
estimates to be made of the effects of changes in precip-
itation on channel characteristics.

Some estimated correlations between precipitation in
each of the 12 months, and streamflow (in average cfs)
in the same month and 12 subsequent months, are pre-
sented in the Gothenburg and Grand Island precipita-
tion stations, with the Overton streamflow station

(table 22) and the Grand Island streamflow station
(table 23). Data used for the estimations consists of
monthly precipitation tables from September 1941 to
August 1978, and monthly streamflow series from Sep-
tember 1942 to August 1978, at the respective stations.
Values below 0.3 in absolute value can be considered
statistically insignificant. The same series as above
were aggregated over the three streamflow seasons
(September through February, March and April, and
May through August), and used to estimate correla-
tions between precipitation in each of the seasons and
streamflow in the same season and six following
seasons. Results are presented in tables 24 and 25. Once
again, absolute values below 0.3 are considered insignif-
icant. There seems to be essentially no correlation of
precipitation in seasons 2 and 3 with streamflow in sub-
sequent seasons.

Significant correlations observed in tables 22 and 23
indicate that monthly precipitation could be used ef-
fectively as a predictor of monthly streamflow. How-
ever, tables 24 and 25 indicate that the advantage of a
joint precipitation-streamflow model for evaluation of
streamflow probabilities would be lost when model out-
put is aggregated over seasons.

SUMMARY

This report presents the development of stochastic
precipitation and streamflow models for a critical
wildlife-habitat reach of the Platte River. The habitat,
defined as the reach of the Platte River from Lexington
to Grand Island, Nebraska, is assumed to be adequately
represented in terms of precipitation by basing the rele-
vant models on data collected at Gothenburg, Kearney,



F34 HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

TABLE 22.—Estimated correlations between monthly precipitation at Gothenburg (A) and at Grand Island (B) with monthly streamflow at

Qverton
Streamflow
lead Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June. July. Aug.
(in months)
A. Gothenburg
0 -0.44 0.07 0.39 0.28 -0.08 0.04 0.22 0.26 0.18 0.50 0.28 -0.09
1 32 12 33 34 -.02 -.08 31 a1 16 27 .28 -11
2 38 .06 .28 42 -.02 .03 .30 -13 .08 .02 .23 -.09
3 37 .06 24 39 01 .01 -12 .02 20 -11 32 -14
4 31 .08 .22 05 .04 -.06 13 .03 23 -.05 27 -.09
5 36 .10 .29 09 .20 -.26 24 -.02 35 -01 21 -.03
6 42 .05 21 10 -13 -.24 31 .00 25 -.00 27 -.07
7 -.08 10 07 23 .08 -21 28 14 .24 .02 .32 -.20
8 -11 .38 51 19 .20 -.18 27 .15 40 .00 .29 -.01
9 02 .07 24 18 -.04 -.14 .14 12 .33 -.05 -.07 .05
10 -.05 -.04 26 13 12 -09 18 .10 22 -.12 -.10 27
11 -.09 -.02 27 06 -.03 -13 23 04 -.00 .00 -.05 -01
12 -17 -.08 16 -.06 -12 -.15 28 -.03 -11 02 11 .10
B. Grand Island

0 0.66 0.21 0.41 0.35 -0.16 0.01 0.08 -0.07 0.14 0.49 0.07 -0.04
1 53 25 .36 40 -.05 -.06 .50 =17 .06 -01 -.05 -15
2 59 22 37 40 -01 .30 .40 -.05 .16 =17 -.00 -14
3 53 21 .38 38 11 .33 -.07 .04 .15 -.23 13 -.04
4 43 22 .39 23 .16 13 .28 -.07 24 -18 .02 -.05
5 49 17 23 16 33 -.03 .55 -12 .39 -1 .00 -03
6 57 09 .20 04 -01 -.02 .60 -12 .33 -.12 .07 -.04
7 16 15 .16 19 11 -.00 50 -.04 .28 -20 .01 -.05
8 10 .50 42 35 .06 21 45 -.01 43 -.21 -.02 -.02
9 -.02 29 .28 30 .02 .23 .36 .00 .39 -.27 .02 07
10 -.01 .14 .25 23 10 .26 .43 -.05 .23 =31 .06 -01
11 -.01 .07 22 24 .05 .28 .58 -.08 .15 -.29 .16 -20
12 -.00 08 18 19 00 21 .60 08 .10 -14 .16 -.15

TABLE 23.—Estimated correlations between monthly precipitation at Gothenburg (A) and at Grand Island (B) with monthly streamflow at

Grand Island
Streamflow
lead Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June. July. Aug.
(in months)
A. Gothenburg
0 0.50 0.22 0.39 0.45 -0.06 0.14 0.26 0.29 0.24 0.48 0.43 -0.01
1 41 .14 .25 39 14 .01 .35 .09 .19 .28 .26 -.05
2 40 .00 32 50 .09 .02 27 -.13 .18 .02 25 -.03
3 42 .03 23 34 05 -.03 -10 -.09 27 -10 31 -.20
4 27 .05 .20 03 .05 .03 10 -.01 25 -.05 .34 -.07
5 26 .14 30 11 .10 -.16 .21 -.07 .39 .04 .08 -.06
6 39 .04 .20 05 -.23 =21 28 -.08 .21 -.09 24 -05
7 -11 11 -04 21 .05 -20 .26 .02 .18 .04 .36 -17
8 =11 .29 40 16 .03 -.16 .19 .05 40 .09 .29 -.05
9 01 .00 16 19 -.04 -.04 .14 .08 25 -.09 -.06 11
10 -.05 -.10 21 13 .07 -.18 .16 .06 21 -13 -11 .30
11 -17 -.08 22 09 -.00 -.08 17 .08 -.01 -.02 -.10 .06
12 -.18 -.06 17 -.01 -.10 -19 27 .02 -.14 .05 .15 16
B. Grand Island

0 0.70 0.35 0.51 0.51 -0.16 0.14 0.16 -0.01 0.13 0.46 0.31 0.02
1 61 23 .36 47 .08 -.07 54 -17 09 -.00 -.04 -13
2 56 19 .40 47 .07 26 37 -.08 15 -.16 04 -.09
3 57 .21 42 36 12 .24 -.06 -12 .22 -.23 .14 -.08
4 40 .29 37 21 .20 .23 .23 -.06 .28 -.19 .07 -.00
5 38 21 .25 15 29 .09 52 -.14 46 -11 07 -.05
6 50 .07 .19 03 ~-.08 .01 58 -11 .29 -.22 12 -.02
7 15 15 .06 24 .09 -01 47 -.08 .26 -.20 12 -.04
8 06 .40 .32 32 .03 20 44 .04 45 -17 .03 -05
9 -.06 22 18 30 -.03 27 42 .03 .38 -33 .03 .02
10 -.08 .29 20 23 .15 -.02 40 -.02 27 -.34 .06 .10
11 -.08 .02 17 32 -01 .28 46 -07 .16 -31 14 -.31
12 .02 10 19 .28 .01 14 .58 .08 .09 -11 17 -11
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TABLE 24.—Estimated correlations between seasonal precipitation
at Gothenburg (A) and at Grand Island (B) with seasonal
streamflow at Querton

Streamflow

lead Season
(in seasons) 1 2 3

A. Gothenburg
0 0.42 -0.02 0.09
1 42 .23 .19
2 11 12 .18
3 -.02 13 -09
4 .02 -19 -.02
5 17 -.03 -.00
6 14 -.02 .03

B. Grand Island
0 0.59 -0.05 -0.03
1 .55 13 -.00
2 .29 .21 -.04
3 .22 .27 -11
4 21 -15 .10
5 09 -13 07
6 14 -12 09

TABLE 25.—FEstimated correlations between seasonal precipitation
at Gothenburg (A) and at Grand Island (B) with seasonal
streamflow at Grand Island

St Elead! mflow Season
{in seasons) 1 2 3
A. Gothenburg
0 0.49 0.02 0.17
1 4 21 19
2 .0 .05 21
3 -.05 .20 -.10
4 -01 -.16 -.00
5 18 .05 .05
6 10 .05 08
B. Grand Island
0 0.64 0.10 0.66
1 .61 12 .03
2 24 21 .05
3 18 31 -13
4 16 -.16 .16
5 12 -07 .08
6 .08 -.13 .09

and Grand Island. The streamflow models are devel-
oped using data collected at Overton, Odessa, and
Grand Island.

For modeling purposes, three seasons were defined to
correspond approximately to periods of significantly
different flows and vegetation development. Season 1,
comprising the months September through February,
represents the base flow period. Season 2, March and
April, represents the period of high flows from snow-
melt in the Rocky Mountains. Season 3, from May
through August, represents the approximate time of
seed drop by riparian vegetation, and, consequently, the
period of seedling germination and establishment.

Each hydrologic variable, defined as the seasonal
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value at the appropriate station, is modeled both inde-
pendently of the other stations for the particular vari-
able, and as part of a combined station model. The
combined station model allows for expression of the
interrelationship between stations for the given
variable.

The precipitation models are used primarily in this
report to estimate probabilities of droughts of given
severities and durations. Drought severities are defined
relative to the historical mean at the stations and the
durations are presented as consecutive years. The
streamflow models are used to estimate exceedence
probabilities for specified levels of flows that are related
to the maintenance of channel characteristics and wet
meadow environments.

It is recognized that streamflow may not be independ-
ent of precipitation in the study reach. Although the
interrelationship was not modeled, tables of the corre-
lation between precipitation and streamflow (tables
22-25) may allow initial estimates of the effects of
changes in precipitation on streamflow to be made.

Because the resolution for both the precipitation and
streamflow models allows only seasonal estimation, the
models are intended as initial screening tools for
evaluating management alternatives for the habitat. In
order to more exactly evaluate consequences of operat-
ing rules of water releases or diversions of water for pro-
posed development, models allowing finer estimation of
the hydrology would have to be developed. The develop-
ment of these models, however, would require a more ex-
tensive data collection and model development research
effort.
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METRIC CONVERSIONS

Inch-pound units used in this report may be converted to metric (SI) units by using the following conversion factors:

Multiply inch-pound units By To obtain

acre 0.0040 square kilometer
acre-foot (acre-ft) 1,233 cubic meter

acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot per second (ft¥/s) 0.2832 cubic meter per second
foot, (ft) 0.3048 meter

foot per day (ft/d) 0.3048 meter per day

inch per year (in/yr) 25.4 millimeter per year
mile (mi) 1.609 kilometer

foot squared per day (ft*d) 0.093 meter squared per day
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SIMULATED HYDROLOGIC EFFECTS OF POSSIBLE
GROUND-WATER AND SURFACE-WATER MANAGEMENT ALTERNATIVES
IN AND NEAR THE PLATTE RIVER, SOUTH-CENTRAL NEBRASKA

By ALAN W. BURNS

ABSTRACT

Digital-computer models were developed and used to simulate the
hydrologic effects of hypothetical water-management alternatives on
the wetland habitat area near Grand Island, Nebr. Areally distributed
recharge to and discharge from the aquifer system adjacent to the
Platte River between Overton and Grand Island were computed for
four hypothetical water-management alternatives: (1) Current
methods; (2) increasing the acreage irrigated by surface water about
270,000 acres; (3) increasing the acreage irrigated by ground water by
about 270,000 acres, replacing as much subirrigated area as possible;
and (4) increasing the acreage irrigated by ground water by about
270,000 acres without replacing subirrigated areas. Using stream-
aquifer response functions, the stream depletions resulting from the
computed aquifer recharge and discharge, averaged over a 50-year
planning period, were 125,000, 53,000, 174,000, and 177,000 acre-feet
per year, respectively.

Frequency curves of the stage in the river near the wildlife habitat
area were computed from the 50-year sequences of monthly
streamflows for each of the management alternatives. The differences
in the stagefrequency curves were minimal for the four water-
management alternatives.

For comparative purposes, three additional water-management
alternatives were simulated which had direct effects on the
streamflow entering the study area: (1) Assume an importation of
240,000 acre-feet per year for irrigation of 100,000 acres downstream
from the study area; (2) assume a diversion of 240,000 acre-feet per
year for irrigation of 100,000 acres upstream from the study area; and
(3) assume a reservoir or diversion which would store or divert any in-
coming monthly streamflow greater than 2,000 cubic feet per second.
The average streamflow for the current-conditions simulation was
1,274 cubic feet per second, whereas the average for each of these
hypothetical management alternatives was 1,606, 1,045, and 1,102
cubic feet per second, respectively. Translating these different
streamflow sequences to stage-frequency curves indicates a much
greater change in stream stage than the four water-management
alternatives previously evaluated.

INTRODUCTION

This study is part of the Platte River Study, a
multidisciplinary study being conducted by agencies of
the U.S. Department of the Interior concerned with the

critical habitat of the whooping crane and other
migratory waterfow] along the Platte River in central
Nebraska. Hydrologic investigations have been an im-
portant subset of the Platte River Study and have at-
tempted to identify the hydrologic system as it relates
to the habitat, and thus how water-management alter-
natives could affect the habitat. This particular report
presents the simulations of the hydrologic effect on the
river caused by potential water-management alter-
natives in and near the Platte River between Overton
and Grand Island, Nebr.

PURPOSE AND SCOPE

The purpose of the part of the Platte River Study
described in this report was to determine the range of ef-
fects on the streamflow and stage of the river near the
habitat area due to possible water-management prac-
tices in a 70-mile reach of the river upstream from the
habitat area. The analysis considered only hypothetical
water-management, alternatives rather than actual pro-
posed projects. A 50-year planning period was used to
be compatible with the rest of the Platte River Study.
The area of analysis was limited to the reach of the
Platte River between the two gaging stations at Over-
ton and Grand Island (fig. 1). The area extended out-
ward from the river to a distance at which the effects
of water management would be negligible during the
50-year period. This report does not consider the effect
of water managment on the habitat areas directly, nor
does it directly consider effects of additional ground-
water diversions upstream from Overton. However, it
does provide information that can be used with other
reports in this study to do such an evaluation.

The primary objective of this substudy was to deter-
mine the effects of possible ground-water development

between Overton and Grand Island on the streamflow
G1
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of the Platte River. Secondary objectives were to com-
pare the effects of possible ground-water developments
to similar irrigation developments using surface water
and to compare the effects of these possible develop-
ments, which are transmitted through the aquifer
system to the river, to the effects of developments
which would directly affect the incoming streamflow at
Overton. This report is a brief discussion of a rather
brief and general analysis for a topic that could involve
considerably greater effort to evaluate in more detail.

BACKGROUND AND APPROACH

The hydrologic system in this reach of the Platte
River is typical of the entire Platte River drainage
system throughout the Great Plains. Surface water is
hydraulically connected to the ground water in the adja-
cent aquifers. The diversion of streamflow for irrigation,
the withdrawal of ground water for irrigation, the
return flow of excess irrigation applications, and the
ground-water use by native and agricultural phreato-
phytes are components of this highly complex and in-
tegrated hydrologic system. Within a certain area of in-
fluence controlled by geologic boundaries, ground-water
withdrawals that are consumptively used will deplete
the streamflow in the Platte River either by reducing
return flow or by inducing infiltration from the river to
the aquifer. Recharge in excess of withdrawals will aug-
ment streamflow either by increasing return flow or by
reducing infiltration from the river to the aquifer.

Based on information available from previous studies,
the study area was partitioned into subareas, each of
which can be characterized by the response of the river
to changes in water-management practices that are
transmitted through the aquifer system. Scenarios of
possible water-management alternatives then were
selected, and the effects of those alternatives on the
river were simulated.

DESCRIPTION OF STUDY AREA

The study area for this report is shown in figure 1. It
includes those areas for which land-use data were avail-
able and where water use will affect the flows in the
Platte River. Much of this area is on the south side of
the Platte River where both the surface water and
ground water flow away from the Platte River. This
area is included in the study area because there is no
hydrologic boundary which would prevent water with-
drawals or accretions from affecting the flows of the
Platte River. This area is generally flat. Normal
precipitation is about 23 in/yr, with almost half of that
occurring from April through June. The primary use of

the land is for agriculture, with corn being the predomi-
nant crop.

The Platte River flows through this region, providing
an important source of water for both agricultural use
and for wildlife. The river-bottom area is wide, and the
river generally is shallow and extensively braided in
sandy channels through the bottom area. These features
contribute to a closely connected stream-aquifer
system. Other prominent surface waters in this region
include the Wood River and the many irrigation canals
that tend to parallel the Platte River.

Large volumes of ground water occur in the Quater-
nary deposits adjacent to the Platte River and in the
underlying Tertiary Ogallala Formation. The Quater-
nary deposits include various units of alluvial and eolian
deposits. The Ogallala Formation, which contains an ex-
tensive aquifer from Texas to South Dakota, underlies
most of the Quaternary deposits in this area. Below the
Ogallala Formation is the Cretaceous Pierre Shale or the
Niobrara Formation, which serves as the bottom of the
aquifer system.

All of these deposits can be considered a single uncon-
fined aquifer system (Lappala and others, 1979, p. 18),
consisting of clay, silt, sand, and gravel. The saturated
thickness of the aquifer ranges from 100 to 360 ft. The
transmissivity ranges from 5,000 to 30,000 ft¥d, and
the specific yield probably ranges from about 0.10 to
0.20.

Irrigation is an important aspect of agriculture in this
area. Surface water diverted from the Platte River is
delivered to the farms by extensive canal systems. In
many areas, the water table is close enough to land sur-
face for natural subirrigation to occur. In these areas,
roots of the crops (or native riparian vegetation) grow
deep enough to get water directly from the aquifer. In
other areas, ground water is pumped for irrigation from
wells using high-capacity pumps.

STREAM-AQUIFER INTERACTION

The effects of losses from the ground-water system by
pumpage or subirrigation and the effects of gains by
recharge from precipitation or excess irrigation applica-
tions are transmitted through the aquifer system to the
river as accretions or depletions to streamflow. With-
drawals from the aquifer do not necessarily cause direct
losses of water from the river; for example, ground-
water withdrawals may not cause river water to enter
the aquifer but rather may just reduce the amount of
ground water that previously had been entering the
river.

The magnitude and timing of the effects of these
stresses (pumpage or recharge) which are transmitted
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through the aquifer to the river depend upon the trans-
missive properties of the aquifer (transmissivity); the
storage properties of the aquifer (specific yield for this
water-table aquifer); the hydraulic connection between
the stream and aquifer; and the distance from the point
of stress to the stream. Procedures to describe these
response functions can be derived from the theory of
ground-water hydraulics. The general form of a
response of a straight stream in perfect connection to an
ideal aquifer to a stress on the ground-water system is:

x’Sy
eTt

q/Q=erfc

(1)

where:

q is the instantaneous rate of depletion or accretion
from the stream measured at time ¢, in cubic feet
per second;

@ is the rate of stress on the ground-water system,
in cubic feet per second;

erfc is the complementary error function;

x is the distance from the point of stress to the
stream, in feet;

Sy is the specific yield of the aquifer under water-
table conditions;

T is the transmissivity of the aquifer in feet
squared per day; and

t is the time since the stress was commenced, in
days.

The assumptions necessary in the derivation of this
function and the definition of an ideal aquifer are:
(1) The aquifer is semi-infinite, homogeneous, and
isotropic;
(2) the transmissivity is constant with time;
(3) the water is released instantaneously from
storage;
(4) the stream is straight, hydraulically connected to
the aquifer, and fully penetrating;
(5) the water temperature is the same in the stream
and aquifer and is constant with time;
(6) the stress is continuous and steady; and
(7) the stress affects the entire saturated thickness
instantaneously.
A curve illustrating this response function for a given
set of parameters is shown in figure 2. This curve in-
dicates that the rate of stream depletion (accretion)
would be 25 percent of the pumping (injection) rate after
6 months, 50 percent after 18 months, and 75 percent
after 80 months.
Equation 1 is typically integrated over time to evalu-
ate the volume of stream response to the volume of the
stress. The solution of this integration is:

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

U Sy
Q¢ ~\are TN
2 2
_ xSy i _ xSy @
4Tt N7 4Tt

where v is the volume depleted from the stream through
time ¢.

Jenkins (1968a) has developed a ‘“lumped’”’ parameter
known as the SDF (stream-depletion factor), that
uniquely characterizes a response curve. The SDF is
equal to the distance squared times the specific yield
divided by the transmissivity (x*S,/T) for the idealized
assumptions stated earlier. Response curves of the inte-
grated equation (2) for different SDF values are shown
in figure 3. These curves indicate the percent of the
volume pumped (or injected) that comes from (or goes
to) the stream. Using an SDF value of 100 as an exam-
ple, streamflow would be depleted by about 8 percent of
the first month’s pumpage, by about 40 percent of the
first 6-months’ pumpage, by about 65 percent of the
first 30-months’ pumpage, and by about 92 percent of
the first 50 years of pumpage.

The SDF becomes a very important parameter when
evaluating stream-aquifer interactions for large regions.
Using a detailed, distributed parameter, digital ground-
water flow model, arbitrary points within the model can
be stressed and the response of the stream to those
stresses can be simulated. Using a type-curve analysis
similar to that used in fitting aquifer-test data to
theoretical curves, a theoretical curve is fit to the
simulated stream-depletion values and the respective
SDF values are assigned to each of the points in the
model. Thus all the vagaries of boundary conditions,
variable transmissivities, and a sinuous river can be ac-
counted for with the SDF parameter within the limits of
resolution of the corresponding digital model.

The curves in figures 2 and 3 are for a continuous
stress. A representation of the response data which
proves more useful for analysis with time-varying
stresses are discrete unit response functions (figs. 4-8)
for unit periods of stress, such as a month. These step
functions represent the percent by volume that stream
depletion (or accretion) is of a monthly stress and the
continuing future effects beyond the termination of the
stress. Notice the differences between the magnitude of
the peak of the response curves for different SDF values
(see fig. 9, which demonstrates the differences in scales
of figs. 4-8) and the differences in time when the peak
occurs. Using an SDF value of 10, for example, stream-
flow would be depleted by about 50 percent of the
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monthly pumpage during the month that the pumpage
occurred and by about 24 percent of the pumpage
(which has now ceased) during the following month. On
the other hand, for an SDF value of 1,000, the maximum
monthly stream depletion would be only about 3 per-
cent of the pumpage, and it would occur about 5 months
after the pumpage had ceased. The extreme example is
for an SDF of 100,000, in which the maximum monthly
stream depletion would be only about 0.07 percent of
the pumpage and would occur about 45 years after the 1
month of pumping.

The unit response function [U{k)] and a time series of
aquifer stresses [Q(k)] are used with the discretized ver-
sion of the convolution equation (Eagleson and others,
1966, p. 756-757) to compute the time series of stream
depletions (or accretions) [g(i)] at time i:

i

gty = T Qb)-Uli—h+1) @)

This computation is shown in figure 10, where the time
series of stream accretions due to aquifer recharge for
each month are added to the stream accretions due to
the aquifer recharge in each subsequent month, result-
ing in the total stream accretions.

COMPUTATION OF STREAM
DEPLETIONS

The SDF values computed for this study were
primarily based on the ground-water model used for the
Missouri River Basin Commission Level B Study (Lap-
pala and others, 1979). The model of the Middle Platte
reach of the Upper Platte subbasin of the Level B Study
extended east and west beyond the area of interest for
this current study, using a constant grid network with
nodes 2.5 mi by 2.5 mi. For the Level B Study, the
southern extent of the modeled area was the approx-
imate ground-water divide between the Platte River and
the Republican River or the Blue River. To account for
this arbitrary boundary, the Level B model maintained
a constant gradient along the boundary. The effect of
this assumption was simulation of equal rates of devel-
opment (withdrawal or recharge) on both sides of the
boundary of the modeled area. This current study con-
sidered a more realistic distribution of potential devel-
opment in the area south of the ground-water divide and
thus could not use the arbitrary boundary previously
used for the Level B Study. The constant gradient
boundary conditions in the Level B model were removed
and the data set for that model was used with another
similar ground-water flow model (Taylor, 1971) for this
study.

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

8 T | T | I

AQUIFER RECHARGE, IN
ACRE-FEET PER MONTH

to excess imigation applications of sur-
face water

b
3

0.4 — —

0.2 L— =

VOLUME DEPLETED
FROM THE STREAM (v)
RATE OF GROUND-
WATER PUMPAGE (QJ

0 ] ] |
8. Simplified unit response function

STREAM ACCRETION, IN ACRE-FEET PER MONTH

MONTHS

C. Stream accretion due to A. convolution of
aquifer recharge and 8. unit response

FIGURE 10.—Illustration of the convolution of aquifer recharge
with unit response function to yield stream accretion.

Taylor’s model simulates the stream response to a
single pumping well, and fits the simulated response to
the theoretical response at the point where the response
is 28 percent of the pumpage. This point is where the
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pumping period is equal to the SDF value on the theo-
retical curve (see Jenkins, 1968b). The SDF values for
the study area south of that covered by the Level B data
set were computed for three cross sections. Aquifer
characteristics were estimated based on the geologic
- cross sections published by Johnson (1960). These cross
sections were extended south beyond the limit of land-
use data such that the arbitrarily chosen no-flow bound-
ary would have minimal effect on the SDF values com-
puted along the cross section. The SDF values were
then contoured and bands of equal SDF values were
assigned the mean SDF value between the contour in-
tervals (fig. 11).

Data enumerating the total acreage, number of wells,
acreage irrigated by surface water, soil type, irrigable
acreage, and subirrigated acreage for quarter townships
(5,760 acres for most quarter townships) were provided
by the U.S. Bureau of Reclamation (F. J. Otradovsky,
written commun., 1981). An SDF-band value was as-
signed to each quarter township. When discretizing the
area by quarter townships, the distances were such that
no SDF value less than 1,000 existed except within
quarter townships which intersected the river. Ah
assumed distribution of SDF values was assigned to
each quarter township which is intersected by the river.
This assumed distribution was based on an average
location of the river within a quarter township. This
assumed distribution was the same for every quarter
township which intersected the river, and thus the
acreages and number of wells for some of the bands in
table 1 are identical.

TABLE 1.—Well and acreage data by stream-depletion factor (SDF)

bands
Acreage Sub-
SDF Total irrigated Irrigable irrigated
Band value acreage Wells with sur- acreage acreage
face water
1 10 17,000 114 314 7,400 15,200
2 30 8,800 55 157 3,700 7,600
3 60 8,800 55 157 3,700 7,600
4 100 19,000 123 340 8,000 16,500
5 300 29,400 191 523 12,300 25,400
6 600 29,400 191 523 12,300 25,400
7 1,000 35,000 248 419 17,400 28,200
8 3,000 176,000 1,260 6,630 102,000 59,200
9 6,000 97,900 719 1,210 64,400 21,200
10 10,000 248,000 1,600 29,700 182,000 8,900
11 30,000 488,000 2,480 62,400 309,000 1,600
12 60,000 445,000 1,990 3,220 190,000 6,400
13 100,000 319,000 954 926 77,200 8,200

To compute the depletion of streamflow from the
Platte River between the Overton gage and Grand
Island gage due to stresses in the aquifer, the net
ground-water recharge for the area within each SDF
band was calculated. A computer model (see appendix)
was developed to calculate the monthly net ground-
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water recharges within each SDF band and then con-
volute them with their respective response functions.
The amount of net ground-water recharge in an area is a
function of the soil type, available soil moisture, the
amount of irrigation water applied and precipitation on
the land surface, the plants’ consumptive use, and the
amount of water withdrawn from the aquifer. To deter-
mine the amount of water recharged to or withdrawn
from the aquifer, four basic land-irrigation categories
were identified within the study area: Dryland (for non-
irrigated land), irrigated land using surface water, irri-
gated land using ground water, and subirrigated areas.

The amount of land characterized by each of these
land categories was determined for each SDF band and
each of four soil types (see table 2 for brief description)
from the data which were summarized in table 1. Net
ground-water recharge rates (in feet per month) were
computed for each of the four soil types by the U.S.
Bureau of Reclamation (Fred Otradovsky, written com-
mun., 1981), using a soil-moisture model. Lappala and
others (1979) described the soil-moisture model as
follows:

Net ground-water recharge was computed with a water-balance
model of the soil zone developed by the Nebraska Reclamation Office,
U.S. Bureau of Reclamation, Grand Island, Nebr. The model operates
on a monthly basis and is adapted from the daily irrigation scheduling
program developed by Jensen and others (1969). The soil zone was
modeled as a lumped system for a given topography, soil type, and
crop distribution. Inputs and outputs from the soil zone are shown in
figure 12. Inputs to the model are monthly values of precipitation and
potential evapotranspiration (ET). Potential ET was computed using
the Jensen-Haise method (Jensen and others, 1969). Runoff was
abstracted from precipitation using monthly rainfall-runoff relation-
ships derived from data obtained by the Agricultural Research Serv-
ice at Rosemont, Nebr. (U.S. Department of Agriculture, 1956-68).
These relationships considered soil type, slope, crop cover, and farm-
ing practices.

Outflow from the soil zone consisted of gravity drainage and ET.
Gravity drainage, or assumed recharge to the water table, occurred
when infiltration from precipitation and applied irrigation water ex-
ceeded ET plus soil-moistureretention capacity. Net ground-water
recharge for land irrigated with ground water was equal to recharge
from precipitation plus irrigation seepage minus total ground-water
withdrawal. For land irrigated with surface water, net ground-water
recharge was equal to recharge from precipitation plus seepage
losses. Potential ET was computed for Grand Island, Nebr., by using
air temperature and solar radiation (Jensen and others, 1969).
Relative humidity, elevation, and crop type were used to adjust
potential ET to obtain actual consumptive use. Four major crop
types were used for this study: Row crops, small grains, alfalfa, and
pasture. Annual net recharge to the water table and ground-water
withdrawals were computed using typical cropping patterns for these
crops under dryland conditions and irrigation with ground water and
surface water.

Annual average net ground-water recharge rates for
each soil type and land category computed from these
data are shown in table 2. Data provided by the U.S.
Bureau of Reclamation (table 1) had to be supplemented
with additional soil data and well-pumping data. Soil
types for much of the southern part of the study area
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HYDROLOGIC EFFECTS, GROUND-WATER AND SURFACE-WATER MANAGEMENT ALTERNATIVES

TABLE 2.—Average net ground-water recharge rates, by irrigation
category and soil type, 1941-77

[Computed from U.S. B of Reclamation soil-moisture model. Data are in feet per year]
Land irrigated with
Soil type Dryland Subirrigated
Ground water Surface water land
Bottomland -- 0.27 —0.42 1.10 —1.05
Terrace land -~ 13 —47 62 -——
Silty uplands - 13 -381 .56 —
Sandy uplands 40 —-.27 83 ———

EVAPOTRANSPIRATION PRECIPITATION

Runoff

Infiltration

f f f

Deep percolation when storage capacity
is exceeded

FIGURE 12.—Simulated components of the soil zone.

were assigned using the Soil Conservation Service maps
for Phelps (U.S. Department of Agriculture, 1973) and
Adams (U.S. Department of Agriculture, 1974) Coun-
ties. To compute acreage irrigated by ground water, the
acreage irrigated per well was needed. This acreage
value was assumed to vary according to SDF band and
county (table 3) and was computed to match countywide
data provided by the U.S. Bureau of Reclamation.

The 37 years of net ground-water recharge rates pro-
vided by the U.S. Bureau of Reclamation had to be
extended to provide the needed 50 years of data. This
extension was computed by multiple regression using
two terms for the sine and cosine of time to compute a
seasonality factor and monthly precipitation at

G117

TABLE 3.—Acres irrigated per well, by SDF band and county
[SDF, stream-depletion factor; USBR, U.S. Bureau of Reclamation]

SDF

band Acres north of river Acres south of river
16 —— 40 40
7-9 ———- 40 80
10-18---- 50 100

Acres computed using Acres computed using

County SDF band data USBR county data
Adams ---- 98 92
Buffalo ---- 47 61
Dawson --- 46 46
Hall ------ 47 56
Kearney --- 93 92
Phelps --—-- 93 77

Kearney. The model then was run for two consecutive
50-year periods to generate estimates of current
streamflow depletions. The first 50-year sequence (an
approximation of 1880-1930 conditions) was based on
the assumption that there was no ground-water pump-
age, no surface-water irrigation on the south side of the
river, and that all of the quarter townships intersected
by the river were naturally subirrigated. Also, subir-
rigated acreage was increased from current conditions
in all other SDF bands. The second 50-year sequence
(an approx“~ation of 1930-80 conditions) was based on
the assumption of instantaneous implementation of the
Tri-County project, which is on the south side of the
river and accounts for most of the acreage irrigated by
surface water in the study area. The number of wells
was assumed to increase linearly from zero to the pres-
ent total, and the number of subirrigated acres was as-
sumed to decrease linearly to the present number. Esti-
mates of the net ground-water recharge over the study
area and the resultant stream depletion are shown in
figure 13. Estimates of streamflow depletion were com-
puted by averaging the last 5 years of data and are
shown on the first line of table 4. The average stream
depletion of 32, 300 acre-ft/yr compares favorably with
the 38,800 acre-ft/yr computed for the 1931-78 point-
flow study of the U.S. Bureau of Reclamation (F. J.
Otradovsky, written commun., 1981).

Four water-management alternatives for the area be-
tween Overton and Grand Island were simulated to
identify possible ranges of future streamflow deple-
tions: (1) Continue current management practices, (2)
irrigate all remaining irrigable land with surface water,
(3) irrigate all remaining irrigable land with ground
water, replacing areas of subirrigation, and (4) irrigate
all remaining irrigable land with ground water, without
replacing subirrigated areas. Each of these conditions
was assumed to start instantaneously and was modeled
for a 50-year period following the 100-year sequence
discussed earlier. The distribution of acreage, the aver-
age stream depletion, and the average monthly stream
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TABLE 4.—Acreages and stream depletion for current and predicted conditions

Water
manage-

Areas, in acres
Surface:  Ground-

Sub-

Average streamflow depletion for the last 5 years,
in thousands of acrefeet

m,ﬂft Dryland water water irri-
activity irrigated  irrigated gated Feb.

Jan. Mar.

Apr. May June July Aug. Sep. Oct. Nov. Total

1930-1980 ¢) ) ) )
condi-
“tions.

39 31 2.3

Continue
current
prac-
tices.

944,000 106,000 617,000 197,000 104 95 88

Surface-
water
devel
opment.

716,000 378,000 617,000 154,000 31 26 1.9

Ground-
water re-
placing
subirri-

gation.

742,000 106,000 889,000 128,000 166 158 15.1

Ground-
water
develop-

ment.

716,000 106,000 889,000 154000 169 160 154

0.9 11 32 7.0 9.1 8.8 79 64 51 591

74 76 96 133 154 150 141 126 114 135 125

18 4.4 59 58 3 4.4 3.7 398

133 150 192 218 212 200 186 176 2077 174

138 136 153 196 222 216 204 190 179 212 177

Waries with time.

depletion occurring in the last 5 years of the 50-year se-
quence are shown in table 4 for each alternative.

The four alternatives simulated resulted in a range of
stream depletions. If the current water-management
practices continue, the predicted 50-year average
stream depletion would be 125,000 acreft/yr. If the
available 270,000 acres of irrigable land were irrigated
with some imported source of water, the average deple-
tions would be reduced to 53,200 acre-ft/yr. If that same
acreage were irrigated with ground water, replacing
where possible subirrigated acreage, the depletions
would average 174,000 acre-ft/yr. If the existing subir-
rigated areas were not replaced by the new irrigated
acreage, the stream depletion would average 177,000
acre-ft/yr.

EFFECTS OF WATER-MANAGEMENT
ALTERNATIVES ON STREAM STAGE

Changes in the streamflow and stage of the Platte
River will affect ground-water levels in wildlife-refuge
areas along the Platte River (Hurr, 1981). To relate the
effects of changes in stream discharge due to manage-
ment practices to the stream stage along the habitat
area, a relationship between stream discharge and
stream stage was developed. The stage-discharge rating
tables for the gaging stations, Platte River near Cozad,
near Overton, near Odessa, and near Grand Island were

all fit to regression lines. The general form of the equa-
tion is:
h=aQ? “)

where:

h is river stage above zero flow, in feet;

@ is river discharge, in cubic feet per second; and
a and b are regression coefficients.
The relationship for the Cozad station differed from the
other sites because two channels are present there, but
the regression coefficients for the other sites (table 5)
were remarkably similar. Based on these results, a gen-
eralized description of the stage-discharge relationship
for the habitat area was modeled as:

h=0.033Q0°5. (5)
TABLE 5.—Regression coefficients for stage-discharge relationships
for the Platte River
Regression coefficients
Station a b
Platte River near Overton 0.038 0.479
Platte River near Odessa 040 484
Platte River near Grand Island ~---—~~-—-—~——~ .020 549
Platte River near Cozad (channel 1) - ~~-~—-—-- 414 .333
Platte River near Cozad (channel 2) ---—-~~-~-- .186 382
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As a tool to evaluate the effects of various water-
management alternatives, a frequency curve of pre-
dicted stream stage along the habitat area was com-
puted. The historical streamflow data for the Platte
River near Overton were used for the period 1941-77.
To extend this record to the same 50-year sequence
used for the net ground-water recharge rates (see section
on “Computation of Stream Depletions’’), the monthly
flows were regressed with the monthly flows for the
South Platte River at Julesburg, Colo. Historically, flow
diversions between the gages near Overton and Grand
Island have been made by the Kearney Canal and Elm
Creek Canal. The Elm Creek Canal, abandoned in 1963,
was not considered in this analysis of future conditions.
Much of the water diverted to the Kearney Canal is used
for power production and is returned to the river. The
net amount diverted, as modeled, was based on the
monthly average data provided by the U.S. Bureau of
Reclamation point-flow study (F. J. Otradovsky, writ-
ten commun., 1981). Thus the streamflow used to com-
pute the frequency curve of stream stage along the habi-
tat area is the historical Overton streamflow (1,270 ft3/s
average), less the average Kearney Canal diversion
(23,000 acre-ft/yr), less the stream depletion computed

HYDROLOGIC AND GEOMORPHIC STUDIES OF THE PLATTE RIVER BASIN

for each water-management activity (see table 4) for
50-year average. The frequency curves were computed
not only for the entire year (fig. 14), but also for the dif-
ferent ‘“‘hydrologic seasons” applicable to the habitat
area. These seasons include September through Febru-
ary (fig. 15), March through April (fig. 16), and May
through August (fig. 17). As can be seen in these fig-
ures, the various management alternatives have only
minimal effect on the stage of the river.

Some hypothetical water-management alternatives
which would affect streamflow directly were selected to
compare their effects with the effects of the four water-
management alternatives previously discussed. The
possible water-management alternatives which affect
the upstream inflow to the study area include: (1) In-
crease current flows in the Platte River by importing
the water needed to irrigate 100,000 acres (average flow
is 1,610 ft®/s); (2) decrease current flows in the river by
diverting the water needed to irrigate 100,000 acres
(simulated flow is 240,000 acre-ft/yr; average flow is
1,040 ft¥s); and (3) decrease current flows in the river by
storing or diverting all monthly flow that exceeds 2,000
ft¥s (average flow is 1,100 ft¥/s). All of these flows were
adjusted by subtracting the monthly average Kearney
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FIGURE 14.—Annual stream-stage frequency curves for four water-management alternatives affect-
ing stream depletion.
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FIGURE 15.—September through February stream-stage frequency curves for four water-management
alternatives affecting stream depletion.
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FIGURE 16.—March through April stream-stage frequency curves for four water-management alternatives
affecting stream depletion.
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FIGURE 17.—May through August stream-stage frequency curves for four water-management alternatives
affecting stream depletion.

Canal diversion and the predicted stream depletion
based on current conditions, previously discussed in the
section on “Computation of Stream Depletions,” to
compute the frequency curves of stream stage. The an-
nual frequency curves are shown in figure 18, and the

frequency curves for the three hydrologic seasons— -

September through February, March through April,
and May through August—are shown in figures 19, 20,
and 21, respectively. Though no quantitative analysis of
the stage-frequency curves was made, it is obvious that
there is a much greater deviation among these sets of
curves than for the previous sets of curves.

CONCLUSIONS

The effects of water-management practices in the area
of the Platte River between Overton and Grand Island
caused an average of about 32,300 acre-ft/yr of simu-
lated stream depletion over the last 50 years. This deple-
tion would increase to about 124,900 acre-ft/yr over a
50-year period, even if no changes occur in the water-
management activities due to the delayed effects of the
historical increase in ground-water pumpage to the cur-
rent level. Adding about 270,000 acres of new surface-
water irrigated acreage would reduce the depletions to
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STAGE, IN FEET

FIGURE 18.—Annual stream-stage frequency curves for four water-management alternatives directly affect-
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FIGURE 19.—September through February stream-stage frequency curves for four water-management alter-
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FIGURE 20.—March through April stream-stage frequency curves for four ther—management alternatives
directly affecting upstream flow.

an average of 53,200 acre-ft/yr over a 50-year period. If
ground water were used to irrigate about 270,000 acres
of irrigable land, some in areas of current subirrigation,
the computed 50-year average depletion would be in-
creased to 174,000 acre-ft/yr. If the increased ground-
water irrigated areas did not replace subirrigated areas,
the computed 50-year depletion would average 177,000
acre-ft/yr. The hydrologic effect of these possible water-
management alternatives would be minimal on the
stage of the river along the habitat area, as shown by
the frequency curves. The effects of importing or divert-
ing the 240,000 acre-ft/yr necessary to irrigate 100,000
acres, or storing or diverting all high flows in excess of
2,000 ft*/s, would be much more significant to the river
stage, as shown in the frequency curves.
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FIGURE 21.—May through August stream-stage frequency curves for four water-management alternatives
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PROGRAM PLTRSP(INPUT+OUTPUT s TAPELyTAPE2,TAPE3,TAPEG S
1 TAPES=INPUTTARPES=0QUTRYT)

NIMENSTON IBAND(125)+1SQIL(125) +KNUNTY(125) 9ACRES(125) sNWS(125)
1 CANALS(125),5UBS(129)

DIMENSION ETDRY (600¢4) yETSH(6004)+ETGW(600+4) 4ETSUB(600)
DIMENSTON PERSUB(13) +ACPRWL(6+13) «PRESNT(12)4FIX(12)

NIMENSTON UNIT(13+600)

DIMENSTION STRMOP(601)

ETDRY <= NET RECHARGE FOR DRYLAND

ETSW = NET RECHARGE FOR SURFACE WATER IRRIGATION

ETGwW = NET RECHARGE FOR GROUND WATER IRRIGATION

ETSUR = NET RECHARGE FOR AREAS OF SUBIRRIGATION

PERSUR = PERCENTAGE ADJUSTMENT OF SUBIRRIGATED AREAS (3Y BAND)
ACPRWL = ACREAGE PER WELL (8Y BAND AND COUNTY)

PRFSNT = S YEA2 AVERGE QF CURQENT MONTHLY STREAM DEPLETION

UNTT = STREAM RESPONSE TO AQUIFER STRESS (BY MONTH AND BAND)
STRMDP « FUTURE STREAM DEPLETION

I1BAND = SDF BaND NUMBR

ISOIL = SOIL TYPE NUMBER

KOUNTY = COUNTY NUMRER

ACRES = TOTAL ACREAGE

NWS - NUMBER OF WELLS

CANALS = ACREAGE IRRIGATED RY SURFACE wWATER

SURS = ACREAGE THAT IS SUSIRRIGATEN

OO0 0

NATA POESNT /12%0./
DATA OPMAX /1547 « AVGULD 7104/ » AVGBLD /S./
NDATA FIX /leslesleeleslerlesre99e89e90le9lerlaes

o
READ (Se¢1000) NMONTHN
READ (5,1010) PERSUB
DO S I = 146
5 READ (S+1010) (ACPRWL (I J)ed=1s13)
C
DO 10 17 = 1N
SEAD (141020) ISAND({I) oKOUNTY(I)sISOIL(T)eACRES(I)+NWS(I)a
1 CANALS(I)SUBSI(T)
10 CONTINIE
c
DO 12 J=ls4

12 READ (2,1030) (ETDRY(I+J) e I=19+NMONTH)
N0 16 J=leé

14 READ (2+1030) (ETGW (Isd) sI=14inMONTH)
N0 16 .j=le4

16 READ (2+41030) (ETSW(led)sI=1NMONTH)
SEAD (2,1030) (ETSUB(I) I=1sNMONTH)
NO 18 1 = 1sNMONTH

IM = (I=1)/12

IM = I -« IM®12
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ETSUB(1) = ETSUB(I)<FIX(IM)
READ (3) UNIT

MCDEL THE PERIQD 1879-1928

DO 80 IMONTH = 1sNMONTH

CANAL = U,

IF (KOUNTY(I) +EQ. S5 0R. KOUNTY(I) +EQ. 6) GO TO 20
CANAL = CANALS(I)

TTLAC = TTLAC = CANAL

I8 = IRAND(I)

IF (18 ,LT. 8) GO 1O 30

SUB = SsUBSI(I)*PERSUBI(IR)

IF (SU] .GTe. TTLAC) GO TO 30

0 TQ ab

SUB = TTLAC

DEPTH = AVGSLD

TTLAC = TTLAC = SUR

IS = IsoIL(D)

DEPTH = DPMAX = (DOMAX=DEPTH) *SUB/ACRES(I)

RCHGNT = TTLAC®ETDRY(IMONTHsIS) * CANALSETSW(IMONTH,IS) +

1 SUBSETSUB(IMONTH) & (DPMAX=DERTH) /DPMAX

R = R + RCHGNT

DRY = DAY + TTLAC

SW = Sw + CANAL

SB = SR + SUB

NC S0 IK = 1NMONTY

STRMDP (1K) = STRMO®(IK) = RCHGNT®UNIT (IR IK)
CONTINUE

CONTINUE

WRITE (6+2000) IMONTHsDRYsSW,GWeSRsRsSTRMOP (1)
NO 70 K = 1,NMONTH

STRMDP (IXK) = STRMDP(IK + 1)

CONTINUE

CONTINUE

MODEL THE PERIAD 1529-1978

DO 150 IMONTH = 1sNMONTH
Q = 0,

DRY = 0,

GW = 0,

SH = o

S8 = 0,

DO 1

G29
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NEPTH = AVGULD

K = KOUNTY (D)

TTLAC = ACRES(I)

CANAL = CANALS(D)

TTLAC = TTLAC = CaNaL

IB = IBAND(I)

IGW = (IMONTH =1)/12

XGW = IGW + 1

GWAC = (XGW/S504)4NYS(I)oaCPRWL(KsIB)

IF (GWAC .GT. TTLAC) GwWaC = TTLAC

TTLAC = TTLAC = GwaC

IF (I8 .LT. 8) GO T3 90

SUB = SQUBS(T)®PERSUB(IB)®2{(S0,=XGW)/49)

GO TO 100

SUB = SUBS(I) = (TTLAC=-SUBS(I))*{XGw=50,)/49,
DEPTH = aVGBLD

IF (SUR «GTe. TTLAC) SUB = TTLAC

TTILAC = TTLAC = Sus :

IS = ISOIL(I)

DEPTH = DPMAX = (DPMAX=DEPTH)2SUB/ACRES(I)
RCHGNT = TTLAC®ETDRY (IMONTHeIS) ¢ CANALSETSW(IMONTH,IS) +
1 GWACPETGW(IMONTHYIS) + SUB®ETSUB (IMONTH) @ (DPMAX=DEPTH) /DPMAX
R = R « QCHGNT

DRY =-NRY + TTLAC

SWw = Sw ¢ CANAL
GW = GWw + GWAC
SB = SR + SUB

DO 110 IK = 1,NPRONTH

STRMDP (IX) = STRMDP(IX) = RCHGNT®UNIT(IRsIK)
CONT INIE

CONTINIIE

IM = IMONTH + NMONTH

WRITE (6+2000) IMsDRYsSWeGWsSByRsSTRMOP (1)
IF (IMONTH «LTe. S41) GO TO 130

IJ = (IMONTH=1)/12

IJ = IMONTH = 1J®12

PRESNT(IJ) = PRESNTI(IJ) + STRMDPI(1)

NO 140 IK = ]1,NHMONTH

STRMDP (IK) = STRMDP(IK + 1)

CONTINUE

CONTINUE

DO 160 IMONTH = 1,12

PRFSNT (IMONTH) = PRESNT (IMONTH) /S,
WRITE (59¢2000) IMONTHsPRESNT(IMONTH)
CONTINUE

WRITc (&) STRMDP

STOP

FORMAT (2I5)

FORMAT (13F4,0)

FORMAT (I144+2179F10,04164F9e0411x9F12.0)
FORMAT (4X912F7.2)

END
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METHODS OF INVESTIGATION

Previously published reports by the U.S. Geological
Survey and the Conservation and Survey Division, Uni-
versity of Nebraska, have defined the general geologic
and hydrologic framework of the area. Detailed data on
the Mormon Island Crane Meadows study area were ob-
tained by drilling 60 test holes into the alluvium of the
island to determine the lithology. These test holes were
cased and used as either observation wells or piezom-
eters in order to monitor water levels. Three of the six
wells and piezometers equipped with continuous water-
level recorders provided continuous water-level records.
Fifty-four wells and piezometers - were measured
manually on a weekly basis (fig. 2). Two river-stage
recorders were installed—one on either side of the island
(fig. 2). Ground-water levels and river stage were mon-
itored for approximately 7 months, beginning in April
and ending in November 1981.

The data were analyzed to quantitatively determine
the relationship between river stage and ground-water
levels. The analysis included comparing measured
ground-water-level fluctuations with measured river-
stage fluctuations, and by comparing calculated with
measured ground-water-level fluctuations. Ground-
water-level fluctuations were calculated both analyti-
cally and by digital-model simulation of a generalized
vertical section.
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REGIONAL DESCRIPTION
GEOGRAPHY

The Platte River in south-central Nebraska is in a
broad, flat valley. The habitat along the river generally
includes the river itself, wetland or wet meadows on the
islands or areas adjacent to the river, and dry pastures
and cultivated fields. Much of the bottomland near and

adjacent to the river is covered with cottonwood and
willow trees as well as smaller scrub vegetation and
brush. Although some birds, such as the sandhill crane,
may feed in fields considerably distant from the river,
the habitat area that can be affected by water-
management changes generally is restricted to within
about half a mile on either side of the river.

GEOLOGY

The Platte River in south-central Nebraska is under-
lain by alluvial clay, silt, sand, and gravel of Quaternary
age deposited in a series of broad troughs eroded into
the underlying clay, silt, sand, and gravel of Tertiary
age and shales and limestones of Cretaceous age. The
Tertiary formation is the Ogallala Formation. The Cre-
taceous rocks are the Pierre Shale and the Niobrara
Formation.

The Quaternary alluvium contains the principal aqui-
fer in the area and consists of interfingering lenses and
beds of unconsolidated clay, silt, sand, and gravel. The
lower one-half of this unit is predominantly clay or silt
and the upper one-half is predominantly sand and gravel
with some beds of clay or silt.

The Ogallala Formation consists of interfingering
beds of clay, silt, sand, and gravel. The material in the
sand and gravel beds is fine to medium grained, poorly
sorted, and arkosic. The lithology can vary laterally and
vertically within short distances. Sandstone beds are
common. Calcium carbonate cement forms widespread
distinctive “mortar beds,” and locally, secondary silica
has cemented the sand into quartzite (Dreeszen and
others, 1973). Sand, gravel, and some sandstones in the
Ogallala Formation are both porous and permeable, and
transmit water and supply water to wells.

The Pierre Shale is a gray to black marine shale,
which locally contains very thin layers of bentonite. The
Niobrara Formation is predominantly gray to orange,
argillaceous chalk and limestone with some interbedded
chalky shale. Within the area both the Pierre Shale and
the Niobrara Formation are relatively impermeable and
form the lower boundary to the flow system of the
shallow alluvial aquifer.

HYDROLOGY

The Platte River is the principal river in the area. Its
flow is the result of the combined flows of the North
Platte and South Platte Rivers, runoff from precipita-
tion, surface-water diversions and return flows, and
ground-water seepage to or from the river. The Wood
River is tributary to the Platte River 20 miles east of
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and downstream from Grand Island. The Loup River is
tributary another 45 miles further downstream.

The flow of the North Platte River is regulated by
releases from Lake McConaughy, a large, on-channel
reservoir in western Nebraska. The flow of the South
Platte River is largely the result of seasonal fluctua-
tions, and surface-water diversions and return flows.

Recharge to the alluvial aquifer along the Platte River
is from rainfall, snowmelt, applied irrigation water, and
seepage from the Platte River. Precipitation in Hall
County averages about 24 inches per year, most of
which occurs in the spring and summer. The average an-
nual snowfall is 25 inches, most of which falls during
February and March (Keech and Dreeszen, 1964).

Ground-water movement is generally to the east
throughout the area. Upstream from Kearney, Nebr.,
which is about 35 miles west of and upstream from
Grand Island, ground water contributes to the flow of
the Platte River as indicated by the configuration of the
water table (Gutentag and Weeks, 1980). From Kearney
downstream past Grand Island to about the confluence
with the Wood River, the ground water has a compo-
nent of flow away from the Platte River towards the
Wood River on the north and towards the Blue River
system on the south (Freethey, 1973; Gutentag and
Weeks, 1980).

Discharge from the alluvial aquifer is by ground-
water seepage to streams, by evapotranspiration by
phreatophytes and from areas of shallow depth to the
water table below land surface, and by withdrawal by
wells.

DESCRIPTION OF STUDY AREA
GEOGRAPHY

The unnamed island on which the Mormon Island
Crane Meadows wildlife area is located is in the Platte
River 8% miles south of Grand Island in Hall County,
south-central Nebraska (fig. 1). Mormon Island, from
which the study area gets its name, is immediately to
the north of the unnamed island and is separated from it
by a channel of the Platte River. The unnamed island is
approximately 10 miles long by 1% miles wide and is
one of the many permanent islands within the braided
channel of the Platte River. The land surface of the
island is nearly flat, as is the land on both sides of the
river. Along the edges of the island, the banks of the
river channels are nearly vertical. The altitude of the
center of the island is several feet lower than the
margins of the island.

Most of the Crane Meadows study area is pastureland
with various types of grasses. Some land is cultivated
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and planted with row crops, such as corn. Cottonwood,
willow, and varous scrub vegetation and brush grow
around the edges of the island.

GEOLOGY

Beneath the study area both the Ogallala Formation
and the Pierre Shale were removed by erosion prior to
the deposition of the Quaternary alluvium. The Nio-
brara Formation is the base of the shallow hydrologic
system in the area (Keech and Dreeszen, 1964). The
Quaternary alluvium is approxiamtely 270 to 275 feet
thick, of which the lower 120 to 150 feet is clay or silt.
This lower part, although probably saturated with
water, is not considered to be a significant part of the
aquifer system. The upper part is 120 to 155 feet thick
and consists of interfingering beds and lenses of sand
and gravel with some clay and silt. The sand is medium
to very coarse, and subrounded. The gravel is very fine
to medium, and subrounded. The grains of the sand and
gravel are mostly quartz with some feldspar and
granitic fragnients. In the study area this material is
saturated to within a few feet of the land surface and
supplies water to wells, including irrigation wells. The
aquifer, which is part of this alluvium, is in hydraulic
connection with the Platte River when water is present
in one or more of the channels.

HYDROLOGY

The island on which the study area is located is
bounded on the south by South Channel Platte River,
which is the main channel of the river, and is bounded
on the north by interconnecting channels between
South Channel and Middle Channel Platte River. Mid-
dle Channel is % to ¥z mile north of the study area. The
flow of the river usually is highest in the spring due to
snowmelt and rainfall runoff. The flow decreases during
the summer due to upstream diversions for irrigation
and decreasing runoff. Frequently, the flow of Middle
Channel and the interconnecting channels ceases alto-
gether. Occasionally, even South Channel goes dry. In
the fall when irrigation diversions stop altogether, the
flow of the river increases and remains approximately
steady or decreases only slightly through the winter to
the next spring.

Water in the alluvial aquifer is in hydraulic connec-
tion with the river when water is present in the river.
The ground-water level is controlled by the presence and
altitude of the river as it passes by the island. The direc-
tion of ground-water movement beneath the island, as
inferred from the water-table contours (fig. 3), is to the
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northeast parallel to the principal direction of flow of
the river. North and south of the river adjacent to the
study area, the ground water has a slight component of
flow away from the river as water from the river re-
charges the aquifer (Freethey, 1973; Gutentag and
Weeks, 1980).

Changes in river stage will alter the direction of
ground-water flow locally. When the river stage is high,
the direction of flow of ground water immediately adja-
cent to the river will tend to become more perpendicular
to the river’'s edge as water flows from the river into the
aquifer. When the river stage is low, the direction of
ground-water flow will tend to become more parallel to
the river’s edge, although flow still continues to be from
the river into the aquifer. In general the ground-water
level beneath the island and beneath the land adjacent
to the river in the vicinity of the island is lower than the
level of water in the river. This is due mostly to
evapotranspiration by riparian vegetation and from
areas where the water table is close to land surface as
observed during the period of this study. North and
south of the river it is also due, probably even during
wintertime, to (1) natural flow away from the Platte
River to other, lower river systems, such as the Wood
River and the Blue River systems (Freethey, 1973), and
(2) to ground-water withdrawals by wells in areas adja-
cent to the river.

The aquifer beneath the island supplies water to one
irrigation well, two domestic wells, and several stock
wells. The irrigation well is seldom used. No water is
diverted from the river for irrigation in this area.

GROUND-WATER HYDROLOGY
WATER LEVELS

Water levels in the aquifer beneath Mormon Island
Crane Meadows wildlife area range from land surface to
approximately 7%z feet below land surface, depending
on the location and the time of year. Water levels are
highest in the late spring or early summer. During this
time, when there is water in the channels on both sides
of the island, recharge from the river enters the ground-
water system along the edges of the island and flows
toward the center of the island, curving northeastward
along the downstream trend of the island (fig. 3). Most
of this water never returns to the river. It either is con-
sumed by evapotranspiration or flows back to the north
after the channel on the north side of the island becomes
dry during mid- to late summer. The water-table con-
figuration of the area in August 1980 when the channel
on the north side of the island was dry is shown in figure
4. Recharge from the river was still occurring along the

south side of the island. Along the north side of the
island, the channel had dried up, recharge had stopped,
ground-water levels were below the bottom of the chan-
nel, and the direction of ground-water flow was north-
ward and eastward in response to more regional flow
conditions.

The altitude of the Platte River at the stage recorder
on South Channel (fig. 2) is shown in figure 5. The
altitudes of ground-water levels at three sites across the
width of the island (see fig. 2 for location) are shown in
figures 6, 7, and 8. Comparisons between these hydro-
graphs show rises in ground-water levels attributed to
recharge from snowmelt (fig. 6, April 1-3, 1980) and
rainfall (figs. 6 and 7, May 16 and May 31, 1980), with
little or no change in river stage; general rises and de-
clines in ground-water levels that are in direct response
to changes in river stage; and diurnal fluctuations in
ground-water levels that are caused by diurnal changes
in the rate of evapotranspiration.

At three sites on the island (fig. 2), groups of piezom-
eters were installed to monitor the hydraulic head at dif-
ferent depths within the aquifer. Each group consisted
of five piezometers drilled within a circle of 25-foot
radius. The piezometers were set at five different
depths, approximately 30 feet apart, starting at a depth
of 25 feet. Piezometers are different from observation
wells in that piezometers are only open to the aquifer at
a specific depth and provide a measure of the pressure
or hydraulic head at that specific depth.

Water levels in each of these piezometer groups
showed only “a slight difference in hydraulic head from
the top of the aquifer to the bottom. The maximum dif-
ference in hydraulic head was less than 0.2 foot higher
near the top of the aquifer than near the bottom. This
difference occurred during the maximum water-level
stage (May 31 to June 1, 1980).

ANALYSIS OF DATA

The response of ground-water levels to changes in
river stage is rapid. Measured changes of water levels in
the piezometers at piezometer group 1, about 2,500 feet
from the nearest channel of the river, occur within 24
hours of a change in river stage. Trial-and-error com-
parison of measured ground-water changes with calcu-
lated changes indicated a hydraulic diffusivity for the
aquifer (transmissivity divided by specific yield) of ap-
proximately 200,000 feet squared per day. The cal-
culated changes were obtained by using estimated
values of transmissivity and specific yield in the analy-
tical drain formula (Stallman, 1962) and by using a
cross-sectional ground-water flow model.

It was not possible to calculate changes in ground-
water levels that exactly duplicated the measured
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stage, will have a rapid and almost direct effect on the
ground-water level beneath Mormon Island Crane
Meadows study area and adjacent areas. The change of
ground-water level will occur within approximately 24
hours in areas along the river’s edge as much as 2,500
feet wide. A rise in river stage will produce a rise in
ground-water levels that is somewhat decreased in
magnitude, due to an increase in the rate of evapotrans-
piration from the water table that is closer to the land
surface. A decline in river stage will produce a decline in
ground-water levels that is smaller in magnitude due to
a decreased rate of evapotranspiration. The degree to
which evapotranspiration will modify the magnitude of
waterlevel change depends on the evapotranspiration-
depth relationship and the seasonal evapotranspiration
rate.

These changes in ground-water levels will last only as
long as the change in river stage is maintained. There
would be no long-term effects on the ground-water
levels if the river were to be returned to its original
stage.

Changes in net ground-water withdrawals also would
have the effect of changing water levels in the aquifer
because of increased or decreased drawdown related to
the change in rate of net withdrawal. In general, how-
ever, this effect would only occur in areas adjacent to
the main river channels, and not in areas or islands be-
tween the channels, where there is very little ground-
water withdrawal by wells. The areas or islands between
channels, however, would be affected only by changes in
river stage caused by changes in river flow resulting
from the decrease or increase in ground-water
withdrawal.

Ground water withdrawn by wells is derived from
change of storage within the aquifer, salvage of water
from evapotranspiration, and depletion of streamflow.
Because most of the ground-water pumpage along the
Platte River is at distances greater than 2,500 feet from
the river, the greatest drawdowns and changes in
ground-water storage due to increases in net ground-
water withdrawals will occur beyond that distance from
the river. These changes in water levels will have little
effect on any wildlife habitat because little habitat that
is affected by depth to water exists beyond 2,500 feet
from the river. The effect of increases in net ground-
water withdrawals at distances closer to the river than
2,500 feet will be to salvage evapotranspiration by
lowering the water table and to increase streamflow
depletion by increasing the gradient away from the
river. Estimates and calculations of these quantities in-
dicate that an average change in water level of not more
than 1 or 2 feet should provide enough water from these
sources to satisfy anticipated increases in net ground-
water withdrawals for irrigation. Depletion of stream-

H1l

flow also would change the 'stage of the river, which
would have the same effect on ground-water levels as
previously discussed for changes in surface-water
management.

Increases or decreases in ground-water withdrawals
would have effects on water levels and river flow that
develop more slowly and last longer than the effects
caused by increases or decreases in surface-water diver-
sions. The magnitude, occurrence, and duration of the
effect from changes in ground-water withdrawals would
depend on the magnitude of the change, the distance
from the river, and the properties of the aquifer. The rise
or decline of ground-water levels adjacent to the river
could be decreased on a short-term basis by upstream
control of diversions and reservoir releases.

SUMMARY AND CONCLUSIONS

Ground-water levels in the alluvial aquifer beneath
the island and areas adjacent to the Platte River are
controlled by the presence and stage of the Platte River
in its various channels, by evapotranspiration by
vegetation and from areas of shallow depth to water, by
regional effects of pumpage and recharge, and by
ground-water flow to lower river systems. Changes in
the stage of the river rapidly affect ground-water levels.
Ground-water responses to changes in river stage occur
within 24 hours for areas along the river’s edge as much
as 2,500 feet wide. These water-level changes will exist
as long as the change in river stage is maintained. Once
the river is returned to its original stage, the ground-
water level will quickly return to its original level. The
only permanent effects may be on the plant communi-
ties if water levels are changed for prolonged periods of
time.

Increases or decreases in the rate of net ground-water
withdrawal from the aquifer in areas adjacent to the
Platte River will have two simultaneous effects on the
ground-water levels adjacent to the river. First, ground-
water levels will decline or rise due to increased or de-
creased net withdrawal itself. Due to the aquifer charac-
teristics and the distance of withdrawals from the
habitat areas, the effects of the withdrawals will
develop slowly and be long lasting, perhaps weeks or
months. If most of the increase or decrease in
withdrawal occurs farther than 2,500 feet from the
river, the average ground-water level change within
2,500 feet of the river will be less than about 1 or 2 feet.
Ground-water levels beneath islands and areas between
flowing river channels will not be affected directly
unless, of course, the withdrawals are on the islands
themselves. Second, ground-water levels will respond to
the changes in river stage as the flow of the river in-
creases or decreases due to changes in ground-water
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pumpage. This change in river stage will affect ground-
water levels adjacent to the river as well as beneath
islands and between channels. Some of these rises or
declines in ground-water levels will be decreased by ac-
companying increases or decreases in rates of evapo-
transpiration as the depth to ground water below land
surface decreases or increases. Some water-level
changes can be decreased by controlling the stage of the
river on a short-term basis.
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